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- We want to measure charged particles with:
- time resolution 0;~10 ps

- space resolution 6,~10 pm
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* A grading of Germanium creates a small SiGe npn HBT Energy Bands
electric field in the base of a Bipolar Junction Emitter  Base Collector
Transistor (BJT): n P Sibase n

* The charges move via drift £ SiGe base
* The transit time in the base is shorter

 Higher current gain [f than a BJT E, E,
* Thicker base than a BJT

- Smaller base resistance R than a BJT b Ge £y
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m Leading-edge IHP SG13G2 technology: 130 nm process featuring SiGe HBT
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 Multi-dunction Picosecond Avalanche
Detector®

« Continuous and deep gain layer:
* Decorrelation from implant size
* High pixel granularity
» Better spatial resolution

* Only a small fraction of the charge
gets amplified

* Reduced charge-collection
NoIse o7, 4au
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. Square pixel 900 pm - Square pixels 500 pm . Hexagonal pixels 130 um | |* Hexagonal pixels 65 pm |} Hexagonal pixels 65 pm
. Discriminated output - 100 ps TDC + /O logic ||+ Discriminated outputs * 30 ps TDC + /O logic * Improved frontend
* 4 analog outputs * 4 analog outputs
200 ps 110 ps 45 ps 36 ps 20 ps

JINST 18 P03047 JINST 19 P01014
K JINST 13 P04015 J JINST 14 P07013 JINST 14 POZO@/ \@ST 14 P11008 JINST 15 P1 702/5/ K JINST 17 P02019 J JINST 19 P04029 JINST 19 P07036,

In this
presentation
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https://iopscience.iop.org/article/10.1088/1748-0221/17/02/P02019/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/18/03/P03047/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/19/01/P01014/pdf
https://www.ihp-microelectronics.com/php_scripts/publications/full_text_final_files/elviretti-milanesio-j-inst-19-p04029-2024-2024.pdf
https://www.ihp-microelectronics.com/php_scripts/publications/full_text_final_files/elviretti-moretti-j-inst-19-p07036-2024-2024.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/13/04/P04015/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/14/11/P11008/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11025/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/P07013/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/14/02/P02009/pdf

5 UNIVERSITE

Test Beam: Experimental Setup

Département de physique
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* October 2022: SPS Testbeam with 180 GeV/c pions (MIP)
* Measure efficiency and time resolution

plane 5

plane 3 Telescope

+ Hexagonal pixels 65 pm
* Improved frontend

* 4 analog outputs

20 ps

JINST 18 P03047 JINST 19 P01014
JINST 19 P04029 JINST 19 P0O7036,

- UNIGE FE-I4 telescope to provide the spatial information (o, , ~10 pm)
« Two PMT-MCPs (o, ~5 ps) to provide the timing reference

MONOLITHI 5


https://iopscience.iop.org/article/10.1088/1748-0221/18/03/P03047/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/19/01/P01014/pdf
https://www.ihp-microelectronics.com/php_scripts/publications/full_text_final_files/elviretti-milanesio-j-inst-19-p04029-2024-2024.pdf
https://www.ihp-microelectronics.com/php_scripts/publications/full_text_final_files/elviretti-moretti-j-inst-19-p07036-2024-2024.pdf
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Time Resolution Distributions

10° MONOLITH prototype (2022) - no gain layer

10° MONOLITH prototype (2022) - no gain layer
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* Very Gaussian distributions after time walk correction
* Simultaneous fit to extract the time resolution of DUT, MCPO, MCP1:

2
ODUT,MCP0O

2
ODUT,MCP1

= OpyT

2

2

OpUT

2
+ Opnicpo

+

2 _ 2
\ OMCPO,MCP1 — OMCPO

2
OMCP1

OMCP1

MCPO: 0:= (3.6 £ 1.5) ps

DUT: 6:=(20.1 £ 0.3) ps

MCP1:0:= (5.0 1.1) ps
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Time resolution [ps]
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Time Resolution Results

MONOLITH prototype (2022) - no gain layer
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30 MONOLITH prototype (2022) - no gain layer 80/ MONOLITH prototype (2022) - no gain Iayer
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20 ps at 2.7 W/cm?2
50 ps at 0.1 W/cm?2

MONOL.I 11

Large plateau of 100 V with ~20 ps
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Time resolution [ps]
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Time Resolution Results

MONOLITH prototype (2022) - no gain layer 80/ MONOLITH prototype (2022) - no gain Iayer
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What happens if we increase the

generated charge?
MONOLI®
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Laser Measurements
* A Minimum lonizing Particle prpduces MONOLITH prototype2 (2022) - no gain layer
around 3500 electrons (0.5 fC) inthe50 4 60 +——+—+F+—+—+—+—+—F++—F+—F+—+—++
um-thick active area | } Laser Data }
. O I HV =200 V _
- At a power density of 2.7 W/cm?2: o 00 + : -
- The time resolution for the equivalent 403_ , | —— Py =270 Wiem? ]
charge of is ~15 ps C b, ' e Py —090WoE
« With the laser, the only contribution to the 301~ ++ TN : ; Caswient
. . . - - — o i ensity= . cm 7
time resolution is the electronics time o % o . : “ 1
. . - o % * . I ]
jiter: o, 1 E Mt e, :
GJltter B d_V X Char e 10__ \..\....Il. A‘:AAAAAAAA —
E g EOtDUT=3pS “\;“;F.lllll. AA‘A‘AAA:
\ . I SR U RN NN T S ST S N [T A S SR N S S R R
- With charges higher than 3 MIPs (1.5 fC, % 5000 10000 15000 20000
or 38 keV), the time jitter is less than 3 ps 3 MIPs Charge [electrons]

MONOL 13
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. Asses§ the performanc_e of _effl_cnency and time Board Name Fluence [1 MeV neg/cm?]
resolution after proton irradiation
. 8 prototypes irradiated in Japan up to 1x1016 neg/cm?2 M2s
M22
M21 6-10"
i 8 M19 6-10"
ga:B\: UNIVERSITE
QgD 3 -
LIS/ DE GENEVE v M18 3. 1015
DPNC473-03A
TEST BOARD FOR .. & M4 7
MONOLITH CHIP 0 6,
N O G\ A s
iwilk: Hi- LGS = M16
NTH R40 M RIS GND
R .. e ,

=

Thanks to Koji Nakamura
and Manabu Togawa

MONOLIT 14
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MONOLITH prototype 2 - no gain layer MONOLITH prototype 2 - no gain layer
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2
Proton Fluence [n_/cm’] Proton Fluence [neq/cmz]

At 1016 neg/cm?2, with HV = 200 V and Pgensity = 0.9 W/cm2:
« The efficiency is 96.2% -> 99.7% increasing the High Voltage
- The time resolution is 53 ps -> 45 ps increasing the High Voltage

MONOL 15



3\ UNIVERSITE

Prototypes With =

Département de physique
nucléaire et corpusculaire

+ Hexagonal pixels 65 pm + Hexagonal pixels 65 pm
« 30 ps TDC + I/O logic + Improved frontend
* 4 analog outputs * 4 analog outputs
36 ps 20 ps
i JINST 18 P03047 JINST 19 P01014 :
k JINST 17 P02019 J In this @sr 19 P04029 JINST 19 PO7@/ In this
presentation presentation

2022
With

2024
With

17 ps 12 ps

JINST 17 P10032
JINST 17 P10040

JINST 20 P04001



https://iopscience.iop.org/article/10.1088/1748-0221/17/10/P10032/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/17/10/P10040/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/17/02/P02019/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/18/03/P03047/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/19/01/P01014/pdf
https://www.ihp-microelectronics.com/php_scripts/publications/full_text_final_files/elviretti-milanesio-j-inst-19-p04029-2024-2024.pdf
https://www.ihp-microelectronics.com/php_scripts/publications/full_text_final_files/elviretti-moretti-j-inst-19-p07036-2024-2024.pdf
https://www.ihp-microelectronics.com/php_scripts/publications/full_text_final_files/elviretti-paolozzi-j-inst-20-p04001-2025-2025.pdf
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MONOLITH prototypes with gain layer

plane 3 Telescope

AN
9]

plane 0
. 'a [T L | I I I I T T | I I ]
= [e CERN SPS Testbeam 120 GeV/c pions -
S 40p E
R -
? 35 .
T T ]
© 305 . " =
* Testbeam measurements with FE-l4 telescope F ¢ . E
. proof-of-concept in October 2021 - -
« Second prototype with gain layer in May 2024  20¢ o E
- The efficiency is compatible with 99.9% for - . '
many working points - o -
. . . 10 Proof-of-Concept Prototype (2022) ]
* The time resolution improved by almost a - (10+5)um, HV = 125 V, JINST 17 P10040 .
factor of two: o Ahavsiairtvasthssipm b /s SRYY A
- B + m, = ; 1
* The best performance with the second aF Lol T R ]
prototype is 12.1 ps with HV of 180 V and x10% 107 2x10" 1 2 3.4
Pyensity Of 2.6 W/cm?2 Power Density [W/cm®?]

ensity .

MONOL.I 17
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Performance Within the Pixel

Département de physique
nucléaire et corpusculaire

PicoAD proof -of- concept prototype (2022) PicoAD proof-of-concept prototype (2022)

—_
N
o

i CERN SPS Testbeam 180 GeV/c plons

2

: >

i Power 27W/cm HV 125V Vi, _4mV B
100 ........................ ........................ ........... o
f z ; z | 5 S

=

L

L L

Amplitude [mV]

IIII]IIII

99.6[cERN SPS Testbeam 180 GeV/c plons
Power_27W/cm HV-125V V ~4mV

llllillllléllllilllléllllillll%ll lllllll[lIlllllllllll]llllllllll
80 0 59 "y i a0 e ol 0l o090 A0 50060

Distance from pixel center [um] Distance from pixel center [um]

* We saw a slight degradation of the performance towards
the pixel’s edge with the proof-of-concept:

 Lower amplitudes and lower efficiencies
MONOL 18
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MONOLITH prototypes
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» The degradation of the amplitudes leads to a 8 [ CERN SPS Testoeam 120 GeVie plons_¢ 1
- - - S b Pensty =2.6 W/cm -
degradation of the time resolution: g I ]
: : S [ ]
* The time resolution of the proof-of- $ 200 ]
concept varies between 13 and 25 ps (almost a o i | | i
factor 2 worse), with an average of 17 ps = L :
) g p 15[ + —4— -
10~ .
i Proof-of-Concept Prototype (2022) ]
L (1045)um, HV =125 V, JINST 17 P10040 _
O_ I I | I I | I I | | I I | I I | | I | | I_
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MONOLITH prototypes
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» The degradation of the amplitudes leads to a e gEFiN fzsé *\r;/s;;%am 120 GeVie plons_¢ 1
degradation of the time resolution: s [ e i
: : 5 I —— ]
* The time resolution of the proof-of- $ ool I —+—+ _
concept vari B ¥ | i
pt varies between 13 and 25 ps (almost a o | | ]
factor 2 worse), with an average of 17 ps = L :
! ) g p 15[ —4— -
« Some improvements on the ASIC and the + i
substrate make the situation more stable: 103_ i
* The time resolution of the second prototype T ey e 0040 i
without a gain layer varies between 19 and 24 ps : Prototype 2 (2022) without Gain Layer .
5 ™ 50um, HV = 200 V, JINST 18 P03047 u
O_ I I | | | I I | | I I | | | I I | | I I | | | I I | | | I_
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MONOLITH prototypes
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» The degradation of the amplitudes leads to a e gEFiN fzsé E/S;;iam 120 GeVie plons_¢ 1
degradation of the time resolution: g [ = ]
: : 5 [ —— U
* The time resolution of the proof-of- $ ool —+—+ _
. T — —4— ]
concept varies between 13 and 25 ps (almost a o | | ]
factor 2 worse), with an average of 17 ps = —— -
; 150 ——
« Some improvements on the ASIC and the + ]
substrate make the situation more stable: 103_ —_— i
° i 1 B Proof-of-C t Prototype (2022) 7
The time resc_)lutlon of the second prototype oy, e 10040 ]
without a gain layer varies between 19 and 24 ps : Prototype 2 (2022) without Gain Layer -
_ ] ] S 50um, HV = 200 V, JINST 18 P03047 ]
* The time resolution of the second prototype with I Prototype 2 (2024) with Gain Layer i
a gain layer varies between 11 and 14 ps o:' | Guommiatanb ST FOs0T ]

0 10 20 30 40 50 60

Distance from Pixel Center [um]
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Summary
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« 20 ps time resolution with a MIP
- Laser measurements:
- 3 ps with the equivalent
[ charge of 3 MIPs
- After irradiation at 1016 neg/Ccm2:

N
1O
AN
1O
_4
N\
N
o
N
N

2017
+ 99.7% efficiency
« 45 ps time resolution
Sz ||| oo e ke ||| Dectrsed o ||| W00  i0lagk | |1 imarov torand
< 200 ps @ 110 ps JK 45 ps L 36 ps LG 20 ps .
2024
With
2022 12 ps . .
With 12 ps time resolution
17 ps with a MIP

17 ps time resolution
with a MIP MONOLI” 2o
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4 LHC Application: Preshower for FASER -> webpage \
2022 2023 2024

JINST 16 P12038 I -

N 2018 ([

. . ; . ; + Hexagonal pixels 65 pm ||+ Hexagonal pixels 65 pm
+ Square pixel 900 ym Square pixels 500 pm Hexagonal pixels 130 pm !
- Discriminated output + 100 ps TDC + /O logic ||+ Discriminated outputs * 30 ps TDC + /O logic * Improved frontend
* 4 analog outputs * 4 analog outputs

@ 200 ps e 110 ps JK 45 ps A 36 ps /\ 20 ps )
2024

(Medlcal Appllcatlon. 1 OOuPE% With

2024 2022 12 ps
| With
17 ps

(NIMA 167952

J See Roberto
Cardella’s talk MONOL.IT 23



https://www.sciencedirect.com/science/article/pii/S016890022201244X?via=ihub
https://cds.cern.ch/record/2792433/files/document.pdf
https://faser.web.cern.ch/
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2022 2023

JINST 16 P12038

4 LHC Application: Preshower for FASER -> webpage \

2024

\

p

@

2018

+ Square pixels 500 pm
+ 100 ps TDC + I/O logic

110 ps

+ Hexagonal pixels 130 pm
« Discriminated outputs

+ Square pixel 900 pm
» Discriminated output

200 ps
ot

L _ e B\

* Hexagonal pixels 65 pm
+ 30 ps TDC + I/0 logic
* 4 analog outputs

36 ps j < 20 ps .

+ Hexagonal pixels 65 pm
* Improved frontend
* 4 analog outputs

Future Perspectives

High-radiation level
timing layers for
particle physics

Moderate radiation
level, extremely
thin timing layers
for particle physics

(Medical Application: 1 OOyPET\

e

= “ — | 2024

(NIMA 167952

2022
With
17 ps

2024
With
12 ps

Photonics

MONOLI™ 24
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Thanushan Kugathasan
Lead Chip Design
Analog Electronics

b g

£ Giuseppe lacobucci
= ;

/ + Project P.1.

) + System Design

Roberto Cardella
* Analog and Digital Electronics
+ Sensor Design

Leonardo Cecconi
- Chip Design
- *  Firmware

Luca lodice
+ Chip Design
* Firmware

@ Carlo Alberto Fenoglio
|

Talk on 100pPET

yesterday

Chip Design
e + Firmware

. Andrea Pizarro Medina
Laboratory Tests
» * Data Analysis

&

* Previously involved:
* Magdalena Munker
 Jordi Sabater Iglesias

People

Lorenzo Paolozzi
Sensor Design
Analog Electronics

Stefano Zambito
Laboratory Tests
Data Analysis

TS

E & Mateus Vicente

'f%

'y A; + Laboratory Tests
Analog Electronics
Digital Electronics

ﬁ Viros Sriskaran

Chiara Magliocca
Laboratory Tests

-"lm System Integration
Data Analysis
(oo

Théo Moretti
Laboratory Tests
o + Data Analysis

' Jihad Saidi
+ Laboratory Tests
+ Data Analysis

* Antonio Picardi
* lvan Semendyaev
» Rafaella Kotitsa

Involved

Didier Ferrere
+ System integration
, * Laboratory test

Yannick Favre
» Board design
* RO system

ENS NF|

Swiss NATIONAL SCIENCE FOUNDATION

Sergio Gonzalez-Sevilla
» System integration
« Laboratory test

Stéphane Débieux
» Board design
* RO system

f Marzio Nessi
? CERN & UNIGE
3 :

Main research partners:

Roberto Cardarelli
INFN Rome2 & UNIGE

\ Matteo Elviretti
' IHP Mikroelektronik

Holger Riicker
IHP Mikroelektronik

Thanks for Your Attention
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- A precise measure of time (6,~30 ps) is achieved by
reducing the two main contributions to the time resolution:

* The electronics time jitter: - The charge-collection noise: MIP
- _ GV VoItAage d
Jitter — Ol andau — W(d) 0,qc X
avV/dt andau T, ln(d)

- Related to the signal rise oy}
time dV/dt and the noise oy, - Related to the detector

> thickness d
* We want fast and low- Oriter 1M \We want a small detector
noise amplification thick
ickness

k‘ PicoAD®:

Monolithic Picosecond
BiCMOS Avalanche

Process Detector

DNDLITH@
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Hexagonal Pixels
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* Three possible regular shapes to use:
* equilateral triangles
* squares
* regular hexagons

* Hexagons have the highest angles (120°)

* electric fields in the corners are
better under control

* Moreover, the same amount of pixels
can fits in less space than squares

MONOL 07
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xat. Thick Base = Small Base Resistance

* When a grading of Ge is added to the
base of a BJT, it is possible to make the
base thicker

« A thicker base thickness W, means a
smaller base resistance R, than a BJT
* The electrons coming from the emitter

to the base see the base thickness W,
as the transversal dimension:

[
. Rbocﬂ
Wi

MONOL
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Charge-Collection Noise in Detail
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Probability

The charge generated by a Minimum !
lonizing Particle follows a pattern of e
clusters with different charges

0.001

The probability of electrons for each

cluster is known

Electrons and holes drift thanks to I T T TN decvonsetr

the eleCtnC fleld and induce a M‘IP MONOLITH prototype 2 (2022) - no gain layer

current: 3 6 ™M © Gaifleldes Similations
. - gy & £ —« Single Signals
lind = — 9 Variee * £ weight & g S N

=

A cluster stops inducing current when
it’'s collected, creating noise on the
iInduced current signal

0.8

Holes
0.6

0.4

0.2

) II|III|III|III|III|III|III|III

The contribution of this noise to the
time resolution is called Charge' substrate D 02 04 06 08 1 12 14 16 18
collection noise (or Landau noise) Y Time [ns]

MONOL 29
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The shape of the induced current for a single cluster

Charge-Collection Noise in Detalil

Ph'oton

with a charge O depends on the depth x of creation: 01—
, Ov X Qv d—x
ige(x, 1) = —— @<— — t) + = @< — t) NV I S
d Ve Vi Holes
And so it does the center-of-gravity time: g
0 .
J0 ! lSC(‘x’ t) dt 1 [x2 n (d - X)2] substrate
T = =
: Depth 7 T B n—————
IOOO lSC('x9 t) dt 2d Ve vh ep [”m]v % Single cluster of 1640 e
With its variance: B i W
2 4 d° 7 d 4 d S 0 D e
GT SC — - + — Landaurms. --- PAIrms. ---- PAIsigma --- Poisson 04 ]
’ 180 v, 180 vy, 180 vy ,
For a MIP with many clusters, and whenthe 7 >~ . L -
amplifier is slow, the charge-collection noise N A Time s
contribution to the time resolution is: B N e A A
d e
GL dau — (o) MIP = W(d) O .SC X --.--—-_---—-T ___________________
andau T T '—ln(d) dzf; MONOL -
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e ceneve Charge-Collection Noise
- Garfield++ simulation using:
* The measerec! Equivalent Noise Charge MONOLITH prototype?2 (2022) - no gain layer
° The eIeCtrlc fleld (TCAD) 'a‘ 40_I T T 1 T T T T | T T T T | T T T T | T T T T | T T T T l T T T T T T 171 | T T T I_
. The electronics 6-res onse (Cadence) Q - Garfield++ Simulations Experimental Data -
) ] P _5 35— —— Landau, ENC =124 e —8— CERN SPS Testbeam —
« The MIP simulation matches the % m --@-- Uniform, ENC = 124 e @ Laser Measurements 7
@ 30 =A== Landau, ENC=0e SR \/cst sstbeam-O% Laser ]
testbeam data (0y;.. D 61 1nda0) % - Testoesm ~t, L -
- The charge deposition created by the £ + " E
. . Z @ ]
laser is uniform (nNo 6y, 4..) 205 . M*A k A.*__T-M -
- The simulation matches the laser data 150 ’.:“‘:“ e =
- The difference in quadrature between of e T E
the testbeam and laser should be the - 4 T en 4. -
N 5F- e oo
O andau CONtribution EHV =200V, P, =27 Wicm’ ]
" [} ] - _I 1 1 1 | 11 1 1 | 11 1 1 | | I P | | 11 1 1 | 11 1 1 | 11 1 1 | 1 1 1 1 | 1 1 1 I_
* The simulated trend is similar to the 00~ "7000 2000 3000 ; 4000 5000 6000 7000 8000 9000
measured one Charge [e]

» There are non-negligible correlations

between Ojitter and OLandau MOanNC 31
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Efficiency Results
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MONOLITH prototype (2022) - no gain layer MONOLITH prototype (2022) - no gain layer
E D Bl ..CERN.SPS.Testbeam..... al cc>>’ L e e R S g10° §
£ - : - with 120 GeV/c pions: 09 © > = - ol
> 5 a5t | | 3 | S % - - J40 N
é F —0.8 LW S 99 _— %.
8 24f 0.7 N ; | : =1 &
x - - F’dens,ty 2.7 W/cm HV 2oo v 3 =
8 2.35¢ -0 0.6 98— S - e 10_11
= u ? B v 3 ()
= - —0.5 B ®  Efficiency ‘ = .g
2'3: h _ H - CERN SPS Testbeam: 120 GeV/c p|ons 1 innZ
- 0.4 97— : .10
2.25 B : Noise Hit Rate 3
- . 0.3 B 3"""' Laboratory Measurements 10
220 0.2 o @
B 0.1 - _._ ‘ Nonse H|t Rate Sensmwty leltj
2205 2 1.951.0-185-18-1.75 © B T s 10 12 12 16 18 =20 1O
Track position x [mm] Threshold [0, ]

* The apparent degradation at the edges is . o
due to the ~10 um resolution of the telescope  * Large plateau of 99.8% efficiency
» Selection of two triangles: -op~1.4mV ~100e

* representative of the whole pixel - Negligible noise hit rate already at 7oy,

* unbiased by the telescope resolution
MONOL 32
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Time-Walk Correction
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22—

+ The time walk is the spread in the time of & 1
arrival created by signals having different s 1
amp“tUdeS Z,Y.t.h .................................................. i T -
 In our prototypes, the time-walk correction &+~ t
is implemented in two possible ways: MONOLITH prototype (2022) - no gain ayer ——
* Either taking the time of arrival as the £ 52 GERN SPS Testbeam with 120 Gevic pions | ~JE0
time to reach a fixed threshold, and I Paay = 22 Wlom's HY = 200V 1 o
subtracting the average time of arrival : 7 =60
for each amplitude i -
* Either taking the time of arrival as the 1.

time to reach a constant fraction of the
signal, which automatically corrects the
time walk

\\l\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
20 40 60 80 100 120 140 160

Amplitude Pixel OAQ [mV] ‘ 33
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Main Characteristics After Irradiation

12

10

Amplitude [mV]

-2

MONOLITH prototype2 (2022) - no gain layer MONOLITH prototype?2 (2022) - no gain layer
" Chip Not Irradiated ‘ ‘ '] z F ©=1x10" neq/c‘zm2 ‘ ‘ 3
—  Srdata, T=-35 °C g 10 grdata, T=-35 °C —
C HV=200V,P_ =090 W/cm® = C HV=200V,P_ _ =0.90 W/cm? .
— ensity g. 8 — density -
i Average of 10 waveforms \ . . < 6 i Average of 10 waveforms j
: After irradiation : :
C 4 ]
s to 1x1076 neg/cm?2 - ;
- 2 .
= of -
- L PRI SRS S SR AT SR ST ST SR N SN S A A SR S R | . _2: 1 PRI SR S S SR N S S NS S S S T S S N | 7
130 135 140 145 150 155 130 135 140 145 150 155
Time [ns Time [ns

MONOLITH prototype2

(2022) - no gain layer

European Research Council

3

SNF)

Swiss NATIONAL SCIENCE FOUNDATION

A%NOLITH pw (2022) - no gain layer

= 800———rrrrrr e —— = 25 P : -
ii E °sr data = § { *sr data i
¥ 700 T=-35°C - E T T=-35°C 1
° - y , - ]
2 goob  Poensiy =0-90 Wiem? 7 MONOLITH prototype2 (2022) - no gain layer gL T Pyensiy = 0.90 Wiem® ]
5} - E o 50— ] ] » C ]
z l ] T E %y data = o, o B
500¢ ] T 45F = 15 Chi - —
= N N ] E T=-35°C B I Chips Not Irradiated ]
400[- MV =200Y Yoy =18 Y ¢ — % 40F p 0.90 W/cm? Chips Not Iradiated L Sope =i 9407 mins |
E o _ _ B - density = 0- ips Not Irradiate E - -
- MV =250, Voo, =20V ¥ ] S 35F . SNR=31.6 25 = 1o " ¥ )]
SO0 o . L = 5 S ! L] E - ]
r Chips Not Irradiated 7 53 30 E — - HYZobbv v = v -
200~ o = (@77 =120V 3 T— } E s - =200V, V., =18 B
o 3 > g 3 - —e— HV=250V,V__ =20V i
100 — © 20E- = = cea T
- 3 2 E —®— HV=200V,V_, =18V ] B ]

ot | | T < 15 0 Ll | |
10" 10" 10" E TeT HV=250V, Vo, =20V E 10" 10" 10"
Fluence [neq/cmz] 10 = Fluence [neq/cmz]
5 —
O: Pl Pl T

10™ 10"

MONOLI® 34
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Femtosecond Laser Measurements

* Pulsed infrared femtosecond laser:

« Uniform charge distribution: no charge-collection noise (GLandau = 0)

- To study the pure contribution of the electronics dyitter

- Time coincidence between two of our samples:

- “Reference”: large laser pulse for a precise reference

- “DUT?”: variable intensity to study the performance vs. amplitude

Thanks to Luigi Bonacina
and Alexandra Latshaw

MONOLIT
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e, Femtosecond Laser Characteristics
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‘ —_— R'eference'Chip
.| —— DUT pixel 1
| —— DUT pixel 2

.................... DUT pixel 3

- Pulsed infrared femtosecond laser:
* Wavelength of 1060 nm : ' ' ' '
* Intrinsic jitter of 100 fs | - "
- Hence the name femtosecond laser
* Repetition frequency of 80 MHz
* Focused on the DUT on a Gaussian
spot with a diameter of ~30 pm

« The Reference and DUT ASICs can
tolerate the high repetition rate of the laser

Amplitude [mV]

MONOL 36
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o Non-Gaussianity of the ToA Distributions
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MONOLITH prototype 2 (2022) - no gain layer
L B e L o e e B LA e s s s e o s

-;L'g: ook } Garfield++ Simulations
- Sometimes, clusters containing more e
than 1000 electrons are generated in
the detector 0 g
- The corresponding voltage signal has s
a specific time of arrival according M\!P “__ﬂ» . "
to the position of the big cluster: = = " " " "

* Big clusters between 10 to 20 pm
produce faster signals

* Big clusters in the peripheral

1ofe| ure ou - (z202) 2 edfoioid HLITONOW

i . Holes o
regions produce slower signals @ z
- Garfield++ simulation were helpful in Z’f
understanding this issue % z
substrate “§

<
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abs(Electric Field) [V/cm)] abs(Electric Field) [Vjcm)

_o ''''''' LR h' & 2 ' é_é ;
H _ I =] . =] 'O_
Oxide - 5 ym i z Oxide - 5 ym ¢ AU
i 5 — l A
= ERI
T hho_“"'*—g 5
§ e H
¢ }
3 £
3 N . . <
5 Drift Region - 15 ym g : | E
& N Es :
° : 3 S e 2
'3.‘ g . . ,D.._w—w—w’-ﬂ'." o
5 e Absorption Region - 5 ym
5 5 -

Substrate - 10 pm Fa’

09
PP PRI P L

Substrate - 20 ym

Active Epitaxial Layer - 50 pm

MI:lNcn_lTH[@




= Gain Measurements with a 55Fe Source
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-
« X-rays from 35Fe radioactive source:

+HV
* ~5.9 keV photons with point-like charge ! :, /7
deposition -> 1640 electrons 0 = =
« Characteristic double-peak spectrum 0— - JofE enion
* Photon absorbed in the drift region:
* Holes drift through the gain layer and “Ab:;rigtr:on”
multlply plication T e~ multiplication
* First peak in the spectrum e peak o 2« peak

* Photon absorbed in the absorption region:

* Electrons drift through the gain layer and
multiply

* Second peak in the spectrum

- We can calculate the gain for electrons from
the spectra

Ll

0 10 20 30 40 50 60 70 80 90
Amplitude [mV]
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- PicoAD f-of- 2022
« The gain layer of the proof-of- 004D proot-ot-concept prototype (2022)

c/>)‘ 25__ .............. ................... S P P SRR R T ST
concept prototype works as expected: % [Fedata T - T e
: : _ ) o onl_ | 4T =-10°C -@ T=-10°C
- Higher gain for higher bias voltage 200 4T =120C o T=420C
s L i ose
. Hi - i i £ b = %T=-20C
Higher gain for higher gain layer doses = 1sf : e
S - s = °
- Higher gain for lower temperatures ° ‘ | Tt IS
g g P 10F- - — il Dose 4
_ o . 1 T Y T =20°C
- But, the maximum electron gain is 23 for - | t;: T=-10C
55Fe X-rays at 125 V and -20 °C 5 !W;M ii ------ R _i:o--;-';m:ﬂﬁgg """"
_ _ N E b ,'_,‘,:,‘...‘....‘..11‘111:‘!!5 5::3... :
- It is smaller than the simulated one T B T
. 0 90 100 110 120 130 140 150 160
with TCAD High Voltage [V]
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PicoAD proof-of-concept prototype (2022)

c|c 8p — A S —
S S _55 | | | 3 | | | | | |
‘o Ie 7= Fe data R e e 208 TR -'-:i'- AR L L]
6:— . e i Theory
- . : Mclntyre 1 999
- g - CN\C
= F -
2 # Dose1  Dose2 ~ Doses
- &1 =-20°C T=-20°C .w.T=-20°C  -mT=-20°C
1= *-T=-10°C =@ T=-10°C ¥ T=-10°C 4= T =-10°C
= - T = °C: -.‘T=+20°Ci vT=+QOC -.-T +2OC

oO

e 8 90 92 94 16 18 20 22 ~24 26
e gain for >°Fe X-rays

- The gain for holes and electrons can be
studied simultaneously with

- The gain ratio as a function of the electron
gain deviates from the theoretical trend
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PicoAD proof-of-concept prototype (2022)

. Proof-of-Concept Gain Results

Pixel center position

r

T

£|.E 8k ‘ : : : % B MIP | |
glfs £ o e -9
'34_':) 7:_55Fedata o o SR ‘;":""“”" Vo iIi:li'lI”l:l”liI‘i'll”ll”ll”ll'il”ll”l 35: Fess : : e o
E- Sl ! —. . Theory - B
- > | Mcintyre 1999 301 | T
:_ - **\” H e ) :i prmmm—™”—”_ B | ".I
Sk A, s s s 251 ([ %’ﬁ
- : : : - | | Efieia from Efela
4 T ST R B : the bias T from free
= : : : : 20 1 ;1 voltage i +charges
Y N In A
2— #F Dosel  Dose2 Dose3  Dosed ': o
- & T=-20C - T=-20C ¥ T=-20C - T=-20C 10} ' —
1= & T=-10°C ' - T=-10°C - w:T=-10°C @ T =-10°C - . | |
L & T=r20C 8 T=s20C v T=420C = T=:20C g g 4
0O 2 4 6 8 10 12 14 16 18 20 22 24 26 B | 1
e gain for = X-rays Ol — 3-0 eI 1'2 — 1'4

Sensor depth [um]
* Refined TCAD simulations show that:

* The gain is suppressed by the large cloud
of charges generated by the 55Fe source

- The gain for holes and electrons can be
studied simultaneously with

- The gain ratio as a function of the electron

gain deviates from the theoretical trend - This suppression is not present for a MIP
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PicoAD proof-of-concept prototype (2022) (\:/,Eh'il\i ?T’:\;S‘ T:Stbﬁazrg \}aggﬁgc %%"\SN fom?
T T T T T T T3] 3 T [T Tt
B H i : : : : : : c
= 3.1 ] 09 :g £ 3.1 ] é
s 1708 § |0
= 3.05 - —0.7 ’é 3.05— =
o L H L H
s 11=0.6 % s 1=0.98
S 3 - © 3 ]
g 0 -
150.4 1=0.97
2.95[ BN ;i 0.3 2.95— g
29F o 1§02 29f 0.9
285 555 3.0 5.65 3.8 3.75 3.7 -5.65° 285~ 365 30 5.5 38 875 37 365°%
Track position x [mm] Track position x [mm]
« The apparent degradation at the « Selection of two triangles:
edges is due to the finite resolution of * representative of the whole pixel
the telescope (~10 pm) * unbiased from the telescope

resolution
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reeve o0 Proof-of-Concept AToA Distributions

Dépar Lmetd plyq
nucléaire et corpus

x10° PicoAD proof-of-concept prototype (2022) %103 PicoAD proof-of-concept prototype (2022)
_§ 29 CERN SPS Testbeam: 180 GeV/c pions _§ 18 E CERN SPS Testbeam: 180 GeVi/c pions
 The Time of Arrival is taken as the e gl | e
. . Outside fit [% 4.28 1.4 Outside fit [% 3.90
time to reach a fixed threshold b mvieon | P ———
. . . . 1.2 1
* The distributions are after a time- 1 L oa L
. 0.8 C -
walk correction 06 ]
0.4 ‘-' ’ E {. '\
. . . . % 0.2F
 The distributions are Gaussian i e s e
. —900 -200 -100 O 100 200 300 —800 -200 -100 O 100 200 300
* Except ~2-4 % of the entries TOAx; TOALguo0 [PS] TOAox TOAg101 [PS]
th at a re i n n o n - G a u SS i a n ta i IS . 351 0? PicoAD proof-of-concept protc'>type (2022)
g 1 8:‘ CERN SPS Testbeam: 180 GeY/c pions
: : & 16 -
Ld The three GGauSSfrom the fItS g'Ve LGAD1 LGADO 145_ Opus : [951" 58.1+0.1
Outside fit [%] 2,02
FWHM/2.355 [ps] 56.6 + 1

the three timing resolutions of: \ / DUT 12

10F
i The DUT “ _@E 8_ Power = 2.7 Wicm®
* The two LGADs 5

of

—%0 -200 -100 O 100 200 300

TOA capo-TOA o1 [PS]
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* Only the holes have the correct
exponential trend that the gain should
have as a function of the bias voltage:

Dose 1 Dose 2
- - T 20°C T 20 C
10000 — * *

h* multlpllcatlon

8000 /[ !

| _1° peak i/ .%.T=-20C - T=-20C

* The hlgh number of Charges creates 6000 — ............... /o :T-1OC:T—1OC
- % T=420C - T= 420

an electric field opposite to the one

: 2 4000
created by the bias voltage g
- . > 2000
* The electron gain is suppressed by g
the high number of charges T A0000E r—— .
© = € multlpllcatlon
% 350005— ond peak
'S 30000 » ~Of’C - T.-+20 o}
S - Dose 3
2 25000__ ........................................................................... i -
= - f ; g ¥ v T=-10C
:E 20000:_ .............. ............... ............. m....," T +20 C
é"'soooi_ ,,,,,, - g . ‘ ;
£ 100005 w" ti::t:z%cc
a = g -8 - & pezziit ::: 4
= soooé_w :.. s . .lll‘lll‘""‘""" "t * TR S
%" Te0 700 110 120 130 140 150 160
High Voltage [V]
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» Similar matrix configuration, but:

From standard 50 Qcm on 1 Qcm substrate to 50
um-thick 350 QQcm epi-layer on 1 QQcm substrate
led to:

* A smaller pixel capacitance

* A larger depletion from 23 pm to 50 pm

* A much larger voltage plateau

* A saturated drift velocity everywhere
Preamp and driver voltage decoupling led to:

* An optimal amplifier operation

* The removal of the cross-talk

An optimised front-end electronics layout, with a
semi-differential output, and high-frequency
cables led to:

* A better rise time (from 600 ps to 300 ps)

Improvements from 2020 to 2022

+ Hexagonal pixels 65 pm
+ 30 ps TDC + 1/0O logic
* 4 analog outputs

36 ps

JINST 17 P02019

\_ _

« Hexagonal pixels 65 pm
+ Improved frontend
* 4 analog outputs

20 ps

JINST 18 P03047 JINST 19 P01014
\JINST 19 P04029 JINST 19 P07036)
N 4
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https://iopscience.iop.org/article/10.1088/1748-0221/17/02/P02019/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/18/03/P03047/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/19/01/P01014/pdf
https://www.ihp-microelectronics.com/php_scripts/publications/full_text_final_files/elviretti-milanesio-j-inst-19-p04029-2024-2024.pdf
https://www.ihp-microelectronics.com/php_scripts/publications/full_text_final_files/elviretti-moretti-j-inst-19-p07036-2024-2024.pdf

