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The Avalanche Pixel Sensor (APIX) concept 
Innovative Silicon tracker based on 
1) thin sensitive volumes (pixels)
2) producing large signals

3) high timing resolution 
   

• reduced material budget
• reduced power consumption 
• enhanced S/N   “simple” electronics→
• better radiation hardness
• high rate capability
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The APIX2 Project

“Development of an Avalanche Pixel Sensor for tracking applications” 

Funded by INFN – CSN5 

Project coordinator: 
Pier Simone Marrocchesi, INFN Pisa and University of Siena

Collaboration:
P.Brogi1), G.Collazuol2), G.F.Dalla Betta3), A.Ficorella3), P.S.Marrocchesi1), 
F.Morsani1), L.Pancheri3), L.Ratti4), A.Savoy-Navarro5) 

1) University of Siena & INFN Pisa 
2) University of Padova & INFN Padova 
3) University of Trento & TIFPA 
4) University of Pavia & INFN Pavia 
5) Laboratoire APC, University Paris-Diderot/CNRS Paris 
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The status and the perspectives of 
the silicon 3D and 4D pixel detectors
by L.Pancheri

Physics, technology, preliminary results and context
in the following talk     

Innovative silicon pixel sensor for charged particle 
 tracking and imaging  →

(“father” of the APIX chips and...
… author of almost all the following slides)

Lectures on Wed 23/10 and Thu 24/10 at 9:30
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APIX array prototype
50% fill factor
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Pixel layout
50% fill factor
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Pixel array prototype
50% fill factor
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Array partitioning
50% fill factor
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SPADs in 150nm CMOS process
50% fill factor

L.Pancheri – VCI 2016
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Pixel Schematics
50% fill factor

L.Pancheri – VCI 2016



SNRI 2016 - Lab1 APIX

Geiger mode avalanche detectors 
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Signal propagation
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Signal propagation
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Output FIFO (Shift Register)
50% 
fill 
factor

SHIFT
96 cells
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Timing diagram: enable register loading
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Timing diagram: data readout
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Additional readout mode: Row OR outputs 
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Timing diagram: row selection
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Laboratory: measurements & tools
50% 
fill 
factor

1. pixels Dark Rate measurement  → breakdown voltage
- Oscilloscope / scalers

2. Cross-talk measurement
    both horizontal (bottom chip) and vertical (Top-Bottom)

- Coincidence circuits (on-chip/external)

3. Timing resolution 
- pulsed laser (30ps, 375nm)
- TAC (5ps) / Waveform digitizer (5GSs)

4. Afterpulsing
 - Waveform digitizer / TDC

5. absolute Photo-Detection Efficiency (unshielded cells)
- pulsed laser (30ps, 375nm) / pulsed diodes
- calibrated photo-diode 
- 1/r2 method

6. Sensitivity to a and b sources
- scalers

(5'. Optional) relative PDE
- halogen lamp 
- monochromator
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Reference - DCR 
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Reference – Vbd extraction method 

L. Pancheri et al., Proc. IEEE ICMTS, 2014 
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Reference – Horizontal cross-talk
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Reference - SPAD timing 
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Reference – SPAD PDE 

L. Pancheri et al., J. Selected Topics in Quantum Electron, 2015 
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Enjoy the “APIX” SNRI Lab. 1  !!!

50% 
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factor

Lab. NUCLEX – Sala 3 - LNL
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