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Why Silicon Carbide for radiation detection

e Wide band-gap (3.3eV)

_~7=> Visible blind

Property Diamond GaN 4H SiC | /Sl/ — Lower Leakage current
E, [eV] 5.5 3.39 328 | 1.12
Ebreakdown [V/Cm-l 107 4 106 3'4 106 3 1105 L ngh Breakdown

u, [cm’/Vs] 1800 1000 800 1450 = Advantage for

—> - Radiations hardness

w, [cm”/Vs] 1200 30 115 | 450

vy [cm/s] 2.2-10’ i 2100 | 0840

V4 6 31/7 14/6 |\, 14 e Different e-h mobility
e 57 96 97 Ng = Charge Identification
L : : - . pulse shape analysis
le-h energy [eV] 13 89 |7.684 | 3.6\
Density [g/cm3] 3.515 6.15"| 3.22 233 )\,
Displacem. [eV] 43 |-=15 | 30-40 | 13-15 | o Fastdevices

/ = Timing applications
/ e Higher displacement threshold

e Signal — Radiation harder then Silicon

= Less charge than Si, SiC=Si/2
= A problem for MIP!

Diamond 36 e/um Appllcatlons _
SiC 51 e/um - UV - Soft-X detection
Si 89 e/um - Charged Particle detection and identification

—> No problem in all other case - Neutron detection
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Radiation Hard detectors for Nuclear Physics experiments and
Nuclear applications
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SiC

MAGNEX

Multiwire gas tracker and AE stage
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in ten years of activity

(Si detector dead @ 10° implanted ions/cm?)
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NUMEN project

NUclear Matrix Elements of Neutrinoless Double Beta
Decays by Heavy lon Double Charge Exchange Reactions

=>12C, 180, 20Ne to energies between 15 and 30 MeV/u

Quadrupole Dipole

Focal Plane

Scattering
Detector

Chamber

From Multiwire gas tracker = to GEM gas tracker
From 7 X 5 cm?silicon Wall = to 1 cm? telescopes wall

F. Cappuzzello et al. EPJ A 54 Iss. 5 n. 72 (2018)

1 cm? AE-E telescope




~) Requirements

INFN v'  Radiation Hardness

SiC o . v' Timing
Detectors working in plasmas environment % Insensibility to the visible radiation
v’ X-ray sensitivity
NuReLP project
) Nuclear Reactions in Laser Plasmas l
0}\&" neutrons ToF- wall ““' L
R Sic - wall
lons flow ¥ A v

v ELIMED-diagnostic
v High temperature X-Ray spectroscopy (Space applications...)
v" Neutrons detection (Reactors, Tokamaks...)

v Dosimetry, beam diagnostic and medical Imaging
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Defects in Silicon Carbide bolytype inclusions

Micro-pipe
Macroscopic defects
- polytype inclusions
- micropipes
- comets, carrots

- Extended defects < |

Microscopic defects
- dislocations _ b
- stacking faults ]

- interstitial, vacancies
- divacancies, antisites

5nm

dislocations | |

Stacking Fault

Point and Point-like Defect-Levels

defects Donor & Acceptor Ec
Substitional impurity Impurities N 0.06ev ‘ET
Deep levels in the gap => —
ai09ey
Ev

Vacancies and interstitials

S. Tudisco EUNPC2018 6




—
Epitaxial growths

12 SiC
| AT (e soum/h)
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S. Tudisco EUNPC2018 7




Energy Resolution 1600
e ® s
Test => Radioactive 2! Am Alpha source \ e ﬁ —Si
SIiC => 42.8 keV FWHM (37.9 kev) ~ [leambite| o
Si => 21.4keV FWHM (17.1 keV) £ 1000
1 8 800 |
Electronic Noise |
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10pm 10x10 mm?

S. Tudisco EUNPC2018




R RRRRRRBRBRBRBRPRCEEEEEr_E————_——mma
Radiation Hardness 107

o[ —©— Before Hirradiation ]
SiC 10" F o After H irradiation E

Protons beam irradiation

10-7 - The leakage current is almost unchanged 1
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Radiation Hardness
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Telescope configuration

Jeeeooo: " . .
B(Ca+12C at 25 MeV /n E>
2E Stage 1

181-SiC1

100um

deod layer

.

10um SiC
500

Stage 2
181-512
100um SiC

*

300um

dead layer

counts

Particle Identification after Linearization
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