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Allpix Squared in AIDAinnova

“Design and implementation of simulation software which is applicable to a 
large range of technologies and includes models for the description of effects 

from sensor level to readout electronics in semiconductor detectors”
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Allpix Squared 3.0 – What’s New?

• New Website & Documentation

➔ Check it out: https://allpix-squared.docs.cern.ch/

• Impact Ionization

• New Detector Geometries (hexagons)

• Simulation Objects

• Many more features… 

https://allpix-squared.docs.cern.ch/


Impact Ionization
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Impact Ionization

• Impact Ionization: highly energetic charge carrier transfers energy
to electron → generation of secondary charge carrier

• Possible at high electric fields

• Important mechanism for several types of detectors, e.g. UFSDs / LGADs
→ Multiplication limited to a small region in depth by additional p-n-junction

• Implementation started by 
F. Pitters (ÖAW) two years ago

• Implemented in !472

• Fully reworked in !964 and !972

• Implemented in GenericPropagation and TransientPropagation

https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/472
https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/964
https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/972
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Impact Ionization

• Implemented mechanism:

• Per step of the propagation, calculate …

• local gain as a function of electric field

• number of generated charge carriers stochastically per carrier in a group of 
carriers

• Generate opposite-type charge carriers and place at the end of the step
(for GenericPropagation do this only if corresponding type should be propagated)

• Add same-type charge carriers to the group of charge carriers

• Local gain:

• Several models implemented (van Overstraeten - De Man, Massey, Okuto-
Crowell, Bologna, Optimized (RD50) models, custom model)
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Impact Ionization

• Exemplary linegraph

• Single e/h pair generated

• Gain layer close to the sensor 
surface

• Propagation in magnetic field 
for better visibility

e/h generation

charge
multiplication

e collection

h collection

x (mm)
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Impact Ionization

• Transient propagation including impact 
ionisation

➔ Expected pulse shape well reproduced

• Gain highly dependent on selected impact 
ionisation model

• Many thanks to G. Gioachin,
C. Ferrero, N. Cartiglia,
F. De Wit and many more for
discussion, testing and reporting!

G. Gioachin

N. Cartiglia



Detector Geometry
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Detector Assemblies

• Sensor type and assembly type can be
specified separately

• Assembly (type):

• monolithic

• hybrid (expects information on
chip and bump bonds)

• Sensor type (geometry):

• pixel

• radial_strip

• hexagon

• Enables all possible combinations without code replication
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3D Sensors

• p- and n-implants implemented as columns 
through the sensor volume

➔ Generation of a horizontal pn-junction

• Can be applied in harsh radiation 
environments – e.g. HL-LHC (ATLAS)

• Implemented via !672

• General principle established

• Few issues still open

doi:10.3389/fphy.2021.624668

https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/672
https://www.frontiersin.org/articles/10.3389/fphy.2021.624668/
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3D Sensors
● Definition of per-pixel implants via detector model

● Position with respect to pixel center

● Shape & orientation

● Front/backside

● Implants are replicated over the pixel matrix

● Add as many implants as required,
syntax similar to support layers (PCB etc)

● Requires matching electric field map

● Collision detection of charge carriers with implants – motion 
stops immediately at implant border

! For now: only sensor-material implants possible
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3D Sensors

● First simulations with ATLAS 3D sensor 
geometry

● Two central front-side columns (collect 
charge)

● Six ohmic backside contact columns

● Charge collection &
sharing as expected

● Pulses from
transient simulation Fields from: Marco Bomben, Gilberto 

Giuliarelli, Gian-Franco Dalla Betta
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Detector Fields

• Lookup of field maps (electric field, doping profile, weighting potential) changed:

• Before (< v3.0): provide field of a small region, replicate over sensor area

• Issue: this only works for rectangular pixel geometries

• After: Define field mapped to individual pixels

• Field is not limited to single pixels (e.g. important for weighting potentials)

• Plus: possibility to define the before solution to support multi-pixel fields

• Implemented in !560

https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/560


Lennart Huth | AIDAinnova Annual Meeting |  Allpix Squared Update  |  19/03/2024 16

Detector Fields

• Provide field_mapping parameter in 
field reader module

• Many options …

• See right → PIXEL_…

• SENSOR:

• Provide field starting from pixel 
(0,0)

• Replicated periodically until 
opposite sensor edge

• Replicates v2.x behaviour

FULL FULL_INVERSE

HALF_LEFT

QUADRANT_I



Simulation Objects
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Allpix::PixelPulse

• New object: PixelPulse

• Carries the pulse of a single pixel 
for a full event

• Represents the output of a detector 
front-end, e.g. an amplifier

• Currently used in CSADigitizer 
module

• Inherits from Pulse 
(std::vector<double>)

➔ Easy to access in analysis

• Implemented in !759

PropagatedCharge 0 PropagatedCharge 1
getPulses() … getPulses() …

PixelPulse PixelPulse

https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/759
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Carrier Status

• Introduced property CarrierState

• Indicates status of charge carriers:

• MOTION, RECOMBINED, TRAPPED, HALTED

• HALTED: Stopped propagation, e.g. reaching sensor surface or implant

• Used during propagation and passed on to PropagatedCharge objects

• Implemented in !591

• Benefit:

• Simplifies filtering in analysis

• Output linegraphs filtered by status

https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/591
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Linegraphs by CarrierState

• Implemented in !592

output_linegraphsoutput_linegraphs_collectedoutput_linegraphs_recombined

https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/592


Current Developments



Lennart Huth | AIDAinnova Annual Meeting |  Allpix Squared Update  |  19/03/2024 22

Impact Ionization – Precision

• Field used for per-step local gain determination: (E_pre + E_post)/2

• LGADs: high electric field slopes at the borders of the gain layer

➔ Propagation steps into and out of gain layer lack precision
due to non-linear depency of gain on electric field

• Reduction in step size would be valid for the whole sensor → computing time!

• Several ideas for improvements: in case of large field differences, …

• calculate position of threshold (or 50%) field and scale gain, see !1000

• perform sub-sampling and integration of gain

https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/1000
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Circuit Simulations

• Front-end simulations in Allpix Squared are still generic

• Amplifier simulation & ToA/ToT determination

• Circuit simulations are usually standalone and lack realistic, fluctuating sensor signals

• Goal: provide an interface towards device simulations

➔ Import of CADENCE data

➔ Implementation of transfer functions



Summary
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Summary

● Allpix Squared has seen a major rework with v3.0

● Presented here only the biggest new features:
● Impact Ionisation
● Detector Geometries & Fields
● Simulation Objects

● There’s many more such as …
● Check mobility selection against detector material
● New physics models & active/passive materials
● Possibility to abort individual events
● Liang-Barsky method: interpolation of sensor edge

● Geant4 improvements
● Update CI
● Improve documentation
● …
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Allpix Squared Resources
Website
https://cern.ch/allpix-squared

Repository
https://gitlab.cern.ch/allpix-squared/allpix-squared

Docker Images

https://gitlab.cern.ch/allpix-squared/allpix-squared/container_registry

User Forum:

https://cern.ch/allpix-squared-forum/

Mailing Lists: 

allpix-squared-users https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10262858

allpix-squared-developers https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10273730

User Manual:
https://cern.ch/allpix-squared/usermanual/allpix-manual.pdf

https://cern.ch/allpix-squared
https://gitlab.cern.ch/allpix-squaredsimonspa/allpix-squared
https://gitlab.cern.ch/allpix-squared/allpix-squared/container_registry
https://cern.ch/allpix-squared-forum/
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10262858
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10273730
https://cern.ch/allpix-squared/usermanual/allpix-manual.pdf
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