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Silicon for particle detection

Silicon

Abundant material (27.7% of Earth) - relatively cheap

Ordered crystal

Rigid

Grows its own dielectric (SiO2)
Semiconductor

Small band gap
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. easy to grow + pure

- self supporting
- easy to passivate
— charge collection

- large signal / noise
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Silicon sensors. A chip industry success story.
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Status of the imaging Si process

Ever increasing detector size

Continuous miniaturization — smarter, smaller chips
Larger wafers — large area sensors (stitching)

180 nm proven technology (MALTA, ALICE, BELLE?2)
65 nm current state of the art (CERN, DESY designs)
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Wafer Areas in Chip industries:
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The future of Silicon instrumentation

g
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. Must happen or main physics goals cannot be met . Important to meet several physics goals Desirable to enhance physics reach @ R&D needs being met

More logic, less material, on larger, 3
o~ l 5 g5
more resilient detectors! ULTRASAT

KRANOS
ASTROGAMZ FLASH @ PITZ

Radiotherapy
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Silicon pixel detectors

Hybrid Pixel Sensor Monolithic Active Pixel Sensor

NMOS PMOS NWELL COLLECTION
aluminum backside layer == = ELECTRODE = —
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high resistivity 1 DEEP PWELL DEEP PWELL

Also for strips!

n-type silicon

p-type silicon

solder bump

DEPLETED ZONE
pixel readout ; DEPLETION
P- EPITAXIAL LAYER BOUNDARY
electronic chip
particle

* Sensing chip + Read out chip (ROC) «  One chip = Sensor + ROC
* Large material budget «  Low material budget
e Larger pixel pitches (~ 50 pm) .

Up to <4 pm pixel pitch

\Complex signal processing in the Agy Qhallenges in implementing in-pixelloy
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Silicon pixel detectors
Monolithic Active Pixel Sensor
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Silicon R&D focus!
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MALTA. Tracker optimization for radiation hardness
MALTA 2 pixel

Vlad Berlea, Lucian Fasselt, Steven Worm

Analog

u‘ﬂ‘\u:mm

MONOLITHIC
(180 nm)

36.4 um

Collection
electrode

Excellent time resolution
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Abstract i Soce LA 5]
The MALTA family of Depleted Monolithic Active Pixel Sensor (DMAPS) produced in Tower 180 nm
CMOS technology targets radiation hard applications for the HL-LHC and beyond. Several process

and front-end in radiation hardness up to 2 x 10'51 MeV.
Neg/cm? and time resolution below 2 ns, with uniform charge collection efficiency across the pixel of
size 36.4x 36.4 um? with a 3 um? electrode size. The MALTA2 demonstrator produced in 2021 on high-
resistivity epitaxial silicon and on Czochralski substrates implements a new cascoded front-end that
reduces the RTS noise and has a higher gain. This contribution shows results from MALTA2 on timing

resolution at the nanosecond level from the CERN SPS test-beam campaign of 2021.
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Excellent position resolution

Performance of the MALTA telescope
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Abstract

MALTA s part of the Depleted Monolihic Active Pixel sensors designed in Tower 180 nm CMOS imaging technology. A
MALT: PS, CERN, with the abiy to

fest.

DAQ with realtime hit map, time distribuon and event it muliplicy. It hosts a dedicaled fully configurable trigger

System enabiing 1o trigger on coincidence between telescope planes and timing reference from a scintilator. The

excellent time resolution performance allows for fast tiack reconstruction, due to the possibilty 1o retain a low hit

mutipicty per event which reduces the combinatorics. This paper feviews the architecture of the system and ts
and 20 North Avea.

M van Rijnbach et al, 83;581
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Low threshold << MIP signal

Radiation Hardness of MALTAZ, a Monolithic Active Pixel Sensor for Tracking
Applications

Publisher; [EEE | e This

035 — Unimadiatod 1 =991 5 =71

310" A M Jom NEL = 1038 =124

D..Berea ; P.Alport; I Asensi Toraada © ; D. Borokto ©

Normalized to Entries

02
3 655

Ciesin  Ful 015
Papers TextViws

Y

UnteraGeae Connirs Lierse

867550 90 "00 110"120 T30 740 150

Jbstact bstact Threshoid s 1
MAL 180-wm CWt
Docurent Sectons
poces aantages oer
| e
‘active sensor into one ASIC.
1. TeNALTA SersoFaiy L 10 e e | The desin
Il MALTAZ
constins.The et VAL Higersigal
. e Toner
W The L 10202295 CERN Test Beaminh
eescope
V. Contson
e
Authors.

Derdness nharshradiaion envionmens.

V. Berlea et al., IEEE TNS 2023.3313721

Home > The European Physical Journal C > Article

Radiation hardness of MALTA2 monolithic
CMOS imaging sensors on Czochralski
substrates

Regular Article - Experimental Physics | Open access | Published: 10 March 2024
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MALTA is the latest full-scale prototype of the 10
Active Pixel Sensors (DMAPS) producedinTow ~ *] . 107
imaging technology. In order iply with th 700 0 %00 250 10"
(HEP) experiments, various process modificati veshold e’}
i ‘power i telegraph signal (RTS)

noise, and optimise the charge collection geometry. Compared to its predecessors, MALTA2
targets the use of a high-resistivity, thick Czochralski (Cz) substrates in order to
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DECAL. Fast simulation development for digital calorimetry

Viad Berlea, Lucian Fasselt, Cigdem Issever, Steven Worm

Analog calorimetry

/Digital calorimetry
* No en. deposition fluctuation
* Better energy resolution

* Implementation with Silicon

Digital calorimetry
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* Parametrized charge collection

e Based on SPS test beam data

*  Optimization of digital circuitry

For more, see Lucian’s poster!
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General detector R&D

Ben Briiers, Peilin Li, Christian Scharf

Problems

* Silicon sensors used in HEP experiments require a high

electric field

* Susceptible to electrical breakdown in the edge region

e Strong dependence on surface conditions

Approaches:
Device Simulation

ER GR Pad
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Monte Carlo Simulation

4 )

Allpix squared simulation

Fast transport simulation
Fixed fields

Laser illumination

(Top-TCT):

b Surface electric field /

Current [nA]

Guard ring (GR) breakdown
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KRANOS. Stroke imaging using Silicon PhotoMultipliers

Vlad Berlea, Priscilla Pani, Claudia Seitz KRANOS: Gamma decay of K-40
Currently: K-39 rat MRI / o

" A . .
ADC Potassium- >40Ar de-excites with
L Isotops 19
b [1m°/ms] 1.4 MeV photon
o 39K - 93,26 % emission
4 @ 1.27 x10°yr.
p o
1072% G 1520%
'5u S, ® Q=1311.08

' : A 4K - 6,73 %

g 8
'..

- .
' 39y 33-*"; Cyrani o
e Lab setup: modules
12
1
0.8 intillati |
- - o6 I:‘ Scintillation crysta
0.4 - SiPM readout

0.2
— \- Electronic readout
>~ | »Measurement of 39K
\Qv’oc. Intl. Soc. Mag. Reson. Med. 20 (2012) / CS- 137 SpeCtru m (Ce B r3)

X  PhotoPeak
Deposition in detector (photopeak) : - = ! -2 et compone 0.008
S OpenGate simulation
E .._...l""'-' '- o : 450 10000 -
g . “ e 8000 4 ] 0%
s - Optimizing @ 5
% 0 crystal material and depth for 8 so0o- 5 0-0047
250 . . .
< direct absorption via Photoeffect
o 4000 0.002+
150
N 20001 0.000- » i
* 0 200 400 600
W 120 10 w0 % 4 @ 0 °3 100000 200000 300000 400000 500000 Voltage [mV]
Z-cetect fengthimml — i viserolE w00
DESY. | Silicon Instrumentation | Vlad Berlea, 07.10.2025 Page 10



Medical applications © Cancer therapy

Irradiation with ultra-high dose rates spares normal tissue

euthen pro } “
P des wid lonization chamber and M m W ) L ‘r
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Adjustable parameters: Diamond signal on the

Number of bunches per RF pulse, number of pulse trains, bunch charge, bunch repetition ascilloscope (ight

rate/timing and beam size 120 .
'g 100 IC (PPCO05) o o
. Established detectors show saturation effects E‘ 80 °® Films . """
(comparison: ATLAS ITk lifetime dose can be delivered within a few minutes at PITZ) 2 60 e
) 3 o -

*  Online detectors 5 40 T

Silicon detector (Timepix): saturation (charge multiplication) g 20 et

lonization chamber: saturation (ion recombination effects) = 0 /"

SiC detector: linear response, resolution of single bunches possible BUT reduced radiation hardness 0 20 40 60 80 100 120
Diamond detector: linear response, resolution of single bunches possible
— ideal detector for ultra-high dose rates

Delivered dose [Gy]

* Passive detectors -
Gafchromic films: show super-linearity '
TLDs/OSLDs: no dose-rate dependence F [
. Reliable Dosimetry is crucial for biological experiments and to optimize irradiation parameters e ot ‘ . !
PITZ electron accelerator at DESY Zeuthen : FLASHIt@PITZ ‘I .
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ATLAS HL-LHC Itk upgrade

Ingo Bloch, Ben Briliers, Heiko Lacker

Silicon strip detector (1500 DESY + 500 HU)

end-cap barrel
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ATLAS HL-LHC Itk upgrade

Ingo Bloch, Ben Brilers, Heiko Lacker
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Zeuthen ATLAS upgrade production lab (1ISO-6)
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ATLAS HL-LHC Itk upg rade End-cap modules (1500 DESY + 500 HU)

Ingo Bloch, Ben Bruers, Heiko Lacker —
l;,” i ena-ca

ll ‘.iiiiiji,ii;:—ii—::f ——
\ | | | b g R i /'i/
\ | i / [ R L st
\/ N Wl

\

-
!

DESY. | Silicon Instrumentation | Vlad Berlea, 07.10.2025



ATLAS HL-LHC Itk upg rade End-cap modules (1500 DESY + 500 HU)

Ingo Bloch, Ben Brilers, Heiko Lacker
l& end-cap barrel end-cap

Zeuthen ATLAS upgrade production lab (ISO-6)
Module
testing

Metrolo - *
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U L RA SA Metrology @ DESY Zeuthen

SKYLIGHT TO SPACE ULTRASAT Camera

Grasp [volume/time]

230 400 600 1000
Wavelength [nm]
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Conclusions and outlook

Research status at DESY and HU
* Very diverse research program (accelerator, HEP collider R&D and production, medical, space telescope)

* Significant overlap and collaboration (simulation work, equipment and facilities)

What to look for in the near future
* Move towards full silicon particle detectors (vertex, tracking, calorimetry) + ever increasing on-chip intelligence
* Very interesting advancements in medical imaging and dosimetry enabling new therapy procedures

* Ever expanding multimessenger astronomy: indirect DM searches, transient galactic events (e.g. SNe)
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Thank you
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