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Physics & Electronics
 From an informal meeting about 25 years ago...
 (Micro)Electronics Tools & Methods for Physics (HEP) applications?
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Physics & Electronics (2)
 TCAD Modelling of the interaction between radiation (particle)

& semiconductor devices.

 Read-out electronics integrated within sensor -> CMOS Active Pixel 
Sensors

The RAPS01 chip: first Italian CMOS
Active Pixel Sensor for HEP (UMC 0.18um)
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Physics & Electronics (3)
 Radiation damage effects in semiconductor devices:

TCAD “University of Perugia” model.
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Micro/Nanoelectronics - R&D activities
Numerical Analysis and Physical Modeling 
of solid-state devices.

VLSI Design and Characterization of integrated circuits: 
CMOS Active Pixel Sensors.

UNIPG – Electronics VLSI Timeline
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The CERN (Geneva, Switzerland) & Perugia…
The world's largest and most complex scientific instruments to study the basic 
constituents of matter.
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CMS 220 mq2 Si detectors (Hamamatsu)
- Rad-Hard design solution @Perugia Model
RD53 Read-Out Electronics 65nm CMOS 



 3D monolithically-stacked CMOS Active Pixel Sensor detector for single 
ionizing particle trajectory and momentum identification.

3D Vertical Scale CMOS Active Pixel Sensors

15
µm

Stack of separate multi-layer CMOS APS detectors.
Worries: multiple scattering and material budget…

Stack of monolithically integrated (vertical 
scale or 3D) CMOS APS detectors.
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2D 3D

2D 3D Not Aligned 3D Aligned 
(Ziptronix/Tezzaron).

The 3D chip structures
 Tezzaron/GlobalFoundries

3D-IC Integrated 2-tier stack 
130nm CMOS
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Lab Facilities (@DI, @INFN PG)

 Advanced TCAD & VLSI Design Laboratory (@DI PG)
 2 PowerEdge R640 Server Dell + 8 PCs

 Optical Workbench  IR, UV, VIS laser (@INFN PG)
with µ-focusing and µ-positioning capabilities. 
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Collaborations

 CERN (Geneve, Switzerland)

 Micron (USA), LFoundry, …

 Fondazione Bruno Kessler (FBK)

 Rutherford Appleton Laboratory (UK)
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INFN & DI(EI): some numbers…

 More than 150 scientific papers on International Journals.
 More than 50 contributions to International Conferences.
 More than 80 among B.Sc., M.Sc., 

Ph.D. Thesis.
 More than 10 Ph.D. Students

(CERN doctoral, CERN staff).
 Joint Organization:

Conferences, Workshops, …
 AR grants
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Main Projects

 INFN (RAPS, SHARPS, VIPIX, SEED, TIMESPOT, …)


 MIUR
 4DInSiDe

 EU
 Horizon 2020 (Advanced European Infrastructures for Detectors at 

Accelerators - AIDA 2020), Horizon Europe (AIDA INNOVA)
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On going activities
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 Novel silicon-on-diamond (SoD) material obtained by laser processing.

SoD as particle detector. SoD as bio-sensor.

VLSI integrated electronics

INFN Firenze

CHIPS On DIAmond

14



OK

KO

CHIPS On DIAmond (2)
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 Novel silicon-on-diamond (SoD) material obtained by laser processing.



 BioFET operating principle: if target molecules bind to the receptors, 
a change in the surface charge density occurs. 

 This change alters the (electrical) potential in the semiconductor and 
thus the conductivity in the channel of the field-effect transistor.

Charge localization at the SiO2 surface 
alters the the conductivity in the channel 

of the field-effect transistor.

Biosensori - BioFET
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CMOS Active Pixel Sensor – SEED PG
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Sensori di radiazione LGAD
 Low Gain Avalanche Diode (LGAD).
 Sensori di radiazione allo stato dell’arte basati su controllo del 

guadagno (moltiplicazione di carica).
 Effetti del danneggimento

da radiazione.
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