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INTRODUCTION: WHY SILICON CARBIDE?

4H-SiC Silicon

Crystal structure Hexagonal Diamond Zinc-blende Diamond
Band gap [eV] 3.26 1.12 1.43 5.45
Density [g/cm3] 3.21 2.33 5.32 3.52
Electron mobility [cm?/Vs] 800-1000 1450-1500 8500 1800-2200
Holes mobility [cm?/Vs] 100-115 450-600 400 1200-1600
Breakdown electric field [MV/cm] 2.2-4.0 0.2-0.3 0.3-0.6 10
Mean e-h pair energy [eV] 7.78 3.63 421 13
Thermal conductivity [W/cm °C] 3.0-5.0 1.5 0.5 20
Max working temperature [°C] 1240 300 460 1100
Effective atomic number 12.54 14 32.06 6
Displacement energy [eV] 25 13-20 15.5 43
T ///,/} i Interatomic distances
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Torrisi et al., Single crystal silicon carbide detector of emitted ions and soft x rays from power laser-generated plasmas J. Appl. Phys. 105, 123304 (2009)
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ADVANTAGES OF SIC RESPECT TO TRADITIONAL
SI DETECTOR

1. SiCreverse current is a Low leakage current — low noise
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Effective atomic number is closer in SiC (12.5) than Silicon (14)

High linearity between the signal pulse and energy released in the
active region of the device
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F. Nava et al., Silicon carbide and its use as a radiation detector material, Meas. Sci. Technol.19 (2008) 102001 (25)



DETECTOR STRUCTURE

Single crystal 4H-SiC Schottky diode
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RESISTANCE AND CAPACITANCE
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SIMULATED EFFICIENCY

Active region = 80 um
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EXPERIMENTAL SET-UP
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Normalized Counts

O—PARTICLES SPECTROSCOPY

Mylar absorber
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ENERGY RESOLUTION o)
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ELECTRON GUN
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X-RAY MEASUREMENTS (AMPTEK)
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RESULTS
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APPLICATION IN

RADIATION DOSIMETRY Pfe“m.‘nary
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RADIATION EMITTED BY PLASMA-LASER

TNSA configuration
Coulomb

Detector
Boltzmann
) | Shited
‘ m s m
(v) = ' 8 _ : e D
Target | | fln) =+ (QWL'BT) ] [.3{[}[ (2;{31,) (v — v Ir_)]

go ] Photopeak

Laser

PALS laboratory:

H* 1.2 MeV lodine laser

60 Hot electrons Laser wavelength 1315 nm
Pulse energy 600 J

Pulse duration 300 ps
Intensity 10> W cm™

Target-detector L =72 cm
Targets Polyethylene PE
Target thickness 10 ym

0 /5'0 " 100 150 200
TOF (ns)

Cold electrons http://www.pals.cas.cz/



CONCLUSIONS

SiC detector offers many advantages:

*The SiC detector with 80 um depth active region allows to investigate hard
X-rays, energetic electrons ( ~ 300 keV) and high ion energy (~ tens MeV);

*At low fluence areadout electronics in regime of proportionality to the
energy radiation could be employed,;

* Good linearity, efficiency, energy resolution comparable to Si (SSB) detector;
*In TOF regime SiC detector can be employed to detect high fluence radiation
such those emitted from laser generated plasmas;

*More information can be extracted such as the ion energy distribution from
plasma by using a Coulomb Boltzmann Shifted function distribution to
deconvolve the TOF SiC spectra.

* The advantages to use SiC detectors instead than Si detector are due to the
possibility to be employed in presence of high intensity visible light, to be
employed at room temperature with a very low dark current of the order

of 10 pA, the possibility to have higher sensitivity due to their linear
response to the dose rate also using very low dose rates of the order

of one cGy/min for photons
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