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Introduction:
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● Next accelerator experiments will increase in luminosity 
(HL-LHC > 5x1034 cm-2 s-1);

○ Study case LHCb VELO UII (Run 5) requirements:
■ Spatial resolution ~ 10 μm;
■ Temporal resolution < 50 ps;
■ Radiation hardness ~ 2.5x1016 1 MeV neq/ cm2.

● TimeSPOT INFN collaboration:
○ 3D-trench silicon pixels 

■ Rad-hard;
■ Timing capabilities.

○ Already proved in lab & test beam:
■ Temporal resolution < 20 ps;
■ Radiation tolerance up to Ф = 1017.
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2024 Test Beam @ SPS H8, Ф = 1017 1 MeV neq / cm2

 Performance Recovery:

● Temporal resolution

σt calculated using an ARC;

https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full 

20 ps

● Signals Amplitude ● Efficiency

Energy spectrum in 
electron unit

MPV
>97%

Efficiency as a function of 
tilt angle

19/03/2025 - IFD

https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full


● SETUP: 

● Not irradiated 3D-trench silicon pixel (setup validation) 

michele.verdoglia@ca.infn.it

Cold Temperature TCT Red Laser setup:

Climatic chamber      Shielding box                     DUT on X-Y-Z piezo stages & focussed laser               Oscilloscope & online data monitoring
          (RF and light)      (laser spot diameter ~ 3-4 μm, λ=650 nm with 50 ps pulse )

Top view at the microscope

In-pixel signals Amplitude In-pixel Amplitudes (cut 50%) In-pixel ToA (cut 50% amplitude)
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-20°C

19/03/2025 - IFD



michele.verdoglia@ca.infn.it

3D-trench silicon pixels @ Ф = 1018 1 MeV neq / cm2

Profiles comparison
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! FE can not exceed 400V !

Not Irradiated @ HV =50 V Ф = 5x1017 @ 400 V

Ф = 1018 @ 400 VФ = 1017 @ HV = 300 V
 (charge amplification effects)

● TCT CCE maps @ -20°C:
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● TCT ToA maps @ -20°C:

● Conclusions:
1) Extreme irradiated 3D-trench pixels behave very promisingly.
2) New FE is under construction in order to reach HV ~ 1kV.
3) Laboratory measurements will be confirmed at Test Beam in July 2025 !!!
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3D-trench silicon pixels @ Ф = 1018 1 MeV neq / cm2
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σt ~ 14 ps

σt ~ 10 ps

Not Irradiated @ HV =50 V Ф = 5x1017 @ 400 V
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THANK YOU!!!
michele.verdoglia@ca.infn.it

Many thanks to Igor Mandić (JSI) for taking care of the irradiation

Irradiation founded by European Union Grant Agreement No. 101057511 
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BACKUP SLIDES
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2024 Test Beam @ SPS H8, Ф = 1017 1 MeV neq / cm2

 ● Temporal resolution

σt calculated using a CFD; σt calculated using an ARC; Example of TOA 
distribution.

https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full 

20 ps

https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full
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2024 Test Beam @ SPS H8, Ф = 1017 1 MeV neq / cm2

 ● CCE

Comparison between 
simulated and test beam 
spectrum;

Amplitudes of Φ = 1017 1 
MeV neq / cm2  pixel as a 
function of HV;

Comparison between 
not irradiated and 
irradiated pixels 
spectrum;

https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full 

Spectrum MPVs and 
FWHM (shaded 
areas) as a function 
of REverse Bias (HV).

Charge amplification 
effect!!!

https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full
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2024 Test Beam @ SPS H8, Ф = 1017 1 MeV neq / cm2

 

https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full 

Efficiency as a 
function of tilt angle;

Efficiency as a function 
of Reverse Bias (HV)

● Efficiency

https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full


● TCT CCE maps @ -20°C (horizontal profiles):
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3D-trench silicon pixels @ Ф = 1018 1 MeV neq / cm2

Not Irradiated @ HV =50 V

Ф = 1017 @ HV = 300 V

Ф = 5x1017 @ 400 V

Ф = 1018 @ HV = 400 V
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Not Irradiated

1018 @ HV = 350 V

1018 @ HV = 400 V

25%

100%

3D-trench silicon pixels @ Ф = 1018 1 MeV neq / cm2

● Ф = 1018 CCE Vs HV (vertical profiles):
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3D-trench silicon pixels temporal distribution
● Not irradiated reference 3D-trench pixel (amplitude cut @ 50%):

○ Central (fast) region;
○ Edge (slower) region;
○ Corner (“slowest”) region.


