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Radiation damage studies of new p-n junction SiC detectors
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Silicon Carbide Detectors for Intense Luminosity Investigations 
and Applications
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SiCILIA strategy
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Why Silicon Carbide for radiation detection?
• Wide band-gap (3.3eV) 
Þ Visible blind
Þ Low Leakage current

• High Breakdown
Þ Advantage for 

Radiations hardness 

• Different e-h mobility
Þ Charge Identification 

pulse shape analysis

• Fast devices
Þ Timing applications

• Signal
Þ Less charge than Si, SiC≈Si/2
Þ A problem for MIP! 
Þ No problem in all other case

• Higher displacement 
threshold 

Þ Radiation hardness 
more than SiliconApplications

- UV - Soft-X detection
- Charged Particle detection and identification
- Neutron detection
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Epitaxial growth SiC  beyond the state of the art 

Processing Schottky => p-n junctions
GOALS
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Defects in Silicon Carbide
Macroscopic defects 
- polytype inclusions
- micropipes
- comets, carrots

Microscopic defects 
- dislocations
- stacking faults
- interstitial, vacancies
- divacancies, antisites

3C-SiC on
4H-SiCMicro-pipe

polytype inclusions

dislocations

Extended defects 

VSi

VC Ci

Sii

Vacancies and interstitials

XC

Substitional impurity

Point and Point-like 
defects

antisite

Deep levels in the gap =>

Donor & Acceptor 
Impurities 
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Micro-photoluminescence analysis

S. Tudisco et al. SENSORS Vol. 18 (2018) 2289

Epitaxial growths

Epi 100 µm => 200 µm is possible! 

Epi-Layers beyond the state of the art 

6 inch Epi 100 µm
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40 columns
1200 telescopes

SiC DE detectors 

Geometry of the final PID wall 

Large area p-n junction devices => 1.5x1.5 cm2

5x5 mm2 10/100 µm 0.5x0.5 / 1x1 cm2  10/100 µm
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New p-n junction SiC detectors

P+

N-
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Energy Resolution and Timing
Energy Resolution

Test with radioactive 241Am Alpha source

Electronic Noise

1x1 cm2

p-n diode

Si % SiC
Hamamatzu 

S3590-06

SiC ~ Preamp limit!

SiC FWHMexp = 42.8 keV (0.4%) 
Si FWHMexp = 21.4 keV (0.22%)

SiC=10.3 keV
Si=7.3 keV

Test with radioactive 241Am Alpha source

S. Tudisco et al. SENSORS Vol. 18 (2018) 2289

p-ndiodes

100 um

300 um
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CT2000@LNS

beam

SiC

E % TOF

a:  good events 

b: μCP-wires contribution

c: SiC edge effects SiC

• Beam 58Ni @ 60MeV, 70MeV

• Digitazer CAEN DT5751 

• START: μCP, STOP: Si Hamamatsu o SiC STM

σt
(Si)= 247.9 ± 0.6 ps

σt
(SiC)= 192.2 ± 0.6 ps

Preamp limit

New beam test are in preparation

SiC-Timing p-ndiodes

SiCILIA results
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SiCILIA results Radiation Hardness

60 MeV H+

SiC 10μm 1x1 cm2

LNS CATANA line

5 x 1013 H+/cm2  3 kGy

241Am Alpha Spectrum

Protons beam irradiation
leakage current almost unchanged 

after H irradiation junction barrier quality is 
good 

after the H irradiation

p-ndiodes

10GyTl Foil

SiC Beam Monitor and 
dosimetry applications

G. Petringa et al 2020 JINST 15 C05023

LNS CATANA line

PATENT

S. Tudisco, TREDI 2022



PRAGUE
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- Particle RAnGe measure Using silicon carbidE

60 SiC 1.5x1.5 cm2

Experiental test @CATANA 
Facility of LNS-INFN

62 MeV proton beam, 
Modulated and Pristine beam, 
Beam Current: 106-108 p/cm2

PRAGUE ELI-MED

PATENT

S. Tudisco, TREDI 2022
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e- 5 MeV
SiC 10μm 5x5 mm2

Radiation Hardness

Electrons Beam Monitor

SiCILIA results

New p-n junction SiC detectors

S. Tudisco, TREDI 2022



12

X-Ray detections
Synchrotrons radiation 

Radiation 
hardness

Outline 

Page 2 

• Introduction of Silicon Carbide 
 

• Introduction of myself 
 

• Silicon Carbide for high-power devices 
 

• Silicon Carbide for radiation hard detectors 
� SiC beam position monitors 

o Lateral resolution     
o ON/OFF dynamics    
o Radiation hardness for focused pinkbeams 
o Transmittance on membranes 

� SiC strip detectors (collaboration with SLS detector group) 
� SiC ions detectors  (collaboration with INFN-CNR) 

 

• Silicon Carbide for Quantum Technologies 
 

• Exchanged knowledge between Silicon Carbide activities 
 

• conclusions and outlook 

SiC 100 µm S. Nida et al. Jour. of Sync. Rad. 26 (2019) 28-35

SiCILIA results

SiCILIA results
S. Tudisco, TREDI 2022



FNG ENEA - Frascati

Neutrons detections p-ndiodes

Energy deposition
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SiC neutron
Beam Monitor

n + 12C 

n + 28Si

M. Rebai et al. NIMA Vol. 946 (2019) 

Efficiency

Absence of instabilities 
for 14 MeV neutron 
up to 5*1011 n/cm2

SiCILIA results
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Silicon

Irev=100 nA => 2 µA
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Radiation Damage p-ndiodes

Si % SiC
16O, 27Al 

beam
SiC 10μm 5x5 mm2

Si 300μm 1x1 cm2

Hamamatzu 
S3590-06

Si permanent broken
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a source SiC

Charge collection efficiency
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48Ca+12C @25MeV/n

Charge particles identification  

C. Ciampi et al. NIMA 925 (2019) 60-69

SiC
100 µm
1x1 cm2

Si
500 µm
2x2cm2

4He

12C

28Si

Pulse Shape Analysis: Charge

Isotope separation 
up to Silicon

SiCILIA results

S. Tudisco, TREDI 2022

Pulse Shape Analysis: Current

Telescope



SiCILIA Collaboration
Salvatore Tudisco1,

Francesco La Via1,2

Clementina Agodi1
Carmen Altana1

Giacomo Borghi3
Maurizio Boscardin3

Giancarlo Bussolino9

Lucia Calcagno4

Massimo Camarda5

Francesco Cappuzzello1,4

Diana Carbone1

Salvatore Cascino6

Giovanni Casini7
Manuela Cavallaro1

Caterina Ciampi7,13

Giuseppe Cirrone1

Giacomo Cuttone1

Alberto Fazzi8
Dario Giove8

Giuseppe Gorini7
Luca Labate9

Gaetano Lanzalone1,10

Grazia Litrico11

Giuseppe Longo6

Domenico Lo Presti4
Marco Mauceri11

Roberto Modica6,
Maurizio Moschetti6
Annamaria Muoio1

Franco Musumeci1,4

Gabriele Pasquali7,13

Giada Petringa1,4

Nicolò Piluso6

Giacomo Poggi7,13

Stefania Privitera2

Sebastiana Puglia1

Valeria Puglisi6
Marica Rebai7
Sabina Ronchin3

Antonello Santangelo6

Andrea Stefanini7,13

Antonio Trifirò12

Massimo Zimbone2

1 INFN-LNS 
2 IMM-CNR, VIII Strada, 5, 95121 Catania, Italy
3 TIFPA-INFN 
4 INFN-Catania and Phys. Depart. of Catania
5 Paul Scherrer Institute, Switzerland
6 STMicroelectronics
7 INFN-Firenze
8     INFN-Milano and Dept. of Energy, Politec. Milano
7 INFN-Milano Bicocca and Phys. Depart. of Bicocca 

University
9 INO-CNR, via G. Moruzzi 1, 56124 Pisa, Italy
10  UNI-Kore, Enna University
11  LPE, growing tewcnology Catania
12  MIFT Depart. of Messina Unversity
13Phys. Depart. of Firenze University

S. Tudisco, TREDI 2022

Thanks for your attention !


