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Silicon for particle detection

Silicon

• Abundant material (27.7% of Earth) → relatively cheap

• Ordered crystal                                → easy to grow + pure

• Rigid                                                 → self supporting

• Grows its own dielectric (SiO2)        → easy to passivate

• Semiconductor                                 → charge collection

• Small band gap                                → large signal / noise
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Silicon sensors. A chip industry success story.

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, BELLE2)

• 65 nm current state of the art (CERN, DESY designs)
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The future of Silicon instrumentation
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Silicon R&D road-map  
       (ECFA, DRD3)

R&D common themes

• Good position and time resolution

• Low material budget and power dissipation

• High rates

• Radiation tolerant

R&D for  
future 

particle 
physics

ULTRASAT
ASTROGAM2 KRANOS

FLASH @ PITZ

Radiation hard     
  sensors

Novel calorimetry 
techniques

More logic, less material, on larger,  
more resilient detectors!

Fusion

Medical 
Imaging

Nuclear
Quantum

Space Courtesy of G. Kramberger
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Silicon pixel detectors
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Hybrid Pixel Sensor Monolithic Active Pixel Sensor

• Sensing chip + Read out chip (ROC)

• Large material budget

• Larger pixel pitches (~ 50 μm)m) 

• Complex signal processing in the ASIC

• One chip = Sensor + ROC

• Low material budget

• Up to <4 μm)m pixel pitch

• Challenges in implementing in-pixel logic

Also for strips!
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Silicon pixel detectors
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Monolithic Active Pixel Sensor

• One chip = Sensor + ROC

• Low material budget

• Up to <4 μm)m pixel pitch

• Challenges in implementing in-pixel logic

Silicon R&D focus!
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MALTA. Tracker optimization for radiation hardness
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224 x 512 pixels

MALTA 2 sensor

MALTA 2 pixel

Excellent time resolution Excellent position resolution Low threshold << MIP signal Radiation hard

G. Gustavino et al., JINST C03011 M van Rijnbach et al, 83;581 V. Berlea et al., IEEE TNS 2023.3313721 M. van Rijnbach et al., 2308.13231

Vlad Berlea, Lucian Fasselt, Steven Worm

MONOLITHIC
   (180 nm)

https://iopscience.iop.org/article/10.1088/1748-0221/18/03/C03011
https://epjc.epj.org/articles/epjc/abs/2023/07/10052_2023_Article_11760/10052_2023_Article_11760.html
https://www.researchgate.net/publication/373835382_Radiation_hardness_of_MALTA2_a_monolithic_active_pixel_sensor_for_tracking_applications
https://arxiv.org/pdf/2308.13231.pdf
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DECAL. Fast simulation development for digital calorimetry
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e-

Scintillator TileTungsten

Analog calorimetry

VS

Tungsten

e-

Pixelated Tile

Digital calorimetry

      1. Derive the MPV       2. Derive analytical data parametrisation

      3. GEANT4 Si energy deposition       4. Validation against data

Digital calorimetry

• No en. deposition fluctuation

• Better energy resolution

• Implementation with Silicon

Fast Simulation

• Parametrized charge collection

• Based on SPS test beam data

• Computationally quick

• Optimization of digital circuitry

 For more, see Lucian’s poster!

Vlad Berlea, Lucian Fasselt, Cigdem Issever, Steven Worm



DESY. Page 9

General detector R&D
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Problems

• Silicon sensors used in HEP experiments require a high 
electric field

• Susceptible to electrical breakdown in the edge region

• Strong dependence on surface conditions Reverse Bias [V]

Guard ring (GR) breakdown 
RH=36% T=25°C

Pad 

Guard ring 
(GR) Edge ring 
(ER) 

Approaches:

IV/CV: 
→ Sensor geometry 
→ Current generation 
mechanism

TCAD simulation

Device Simulation

Laser illumination  
(Top-TCT): 
→ Surface electric field

Monte Carlo Simulation

Fast transport simulation
 Fixed fields

Allpix squared simulation

IV/CV

Measurement

TCT

Ben Brüers, Peilin Li, Christian Scharf
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KRANOS. Stroke imaging using Silicon PhotoMultipliers 
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Currently: K-39 rat MRI
KRANOS: Gamma decay of K-40

OpenGate simulation

Cs-137 spectrum (CeBr3)

Data
GEANT4

Single Photon spectrum

Vlad Berlea, Priscilla Pani, Claudia Seitz
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Medical applications  Cancer therapy

• The PITZ accelerator in Zeuthen provides wide parameter range
Adjustable parameters: 
Number of bunches per RF pulse, number of pulse trains, bunch charge, bunch repetition 
rate/timing and beam size

• Established detectors show saturation effects
(comparison: ATLAS ITk lifetime dose can be delivered within a few minutes at PITZ)

• Online detectors
Silicon detector (Timepix): saturation (charge multiplication) 
Ionization chamber: saturation (ion recombination effects)
SiC detector: linear response, resolution of single bunches possible BUT reduced radiation hardness
Diamond detector: linear response, resolution of single bunches possible 
 ideal detector for ultra-high dose rates

• Passive detectors
Gafchromic films: show super-linearity
TLDs/OSLDs: no dose-rate dependence

• Reliable Dosimetry is crucial for biological experiments and to optimize irradiation parameters

| Presentation Title | Name Surname, Date (Edit by "Insert > Header and Footer")

Irradiation with ultra-high dose rates spares normal tissue

PITZ electron accelerator at DESY Zeuthen
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ATLAS HL-LHC Itk upgrade
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Silicon strip detector (1500 DESY + 500 HU)

Zeuthen ATLAS upgrade production lab (ISO-6) 

Ingo Bloch, Ben Brüers, Heiko Lacker
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ATLAS HL-LHC Itk upgrade
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End-cap modules (1500 DESY + 500 HU)

Zeuthen ATLAS upgrade production lab (ISO-6) 

Glue Robot
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Ingo Bloch, Ben Brüers, Heiko Lacker
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ATLAS HL-LHC Itk upgrade
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End-cap modules (1500 DESY + 500 HU)

Zeuthen ATLAS upgrade production lab (ISO-6) 

Wire bonding
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Ingo Bloch, Ben Brüers, Heiko Lacker
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ATLAS HL-LHC Itk upgrade
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End-cap modules (1500 DESY + 500 HU)

Zeuthen ATLAS upgrade production lab (ISO-6) 

Metrology

Module 
testing

R
5 R

4 R
3 R

2 R
1 R

0

Ingo Bloch, Ben Brüers, Heiko Lacker
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ULTRASAT 
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Radiation testing. Single Event Effect @ SIRAD Italy

ULTRASAT Camera
         Metrology @ DESY Zeuthen
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Conclusions and outlook 
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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)



Thank you
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