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Silicon Carbide Detectors for Fusion Reactors
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Design of a 10 kV Silicon Carbide p—n Diode
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Optical Beam Induced Current (OBIC) Technique
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Characterization of the 100 um S1C device
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um

Lateral Depletion: Experimental and Simulations Validation

ElectricField (V'cm*-1)
Sentaurus gossens
TCAD - OBIC Signal w o= | 26Wo—i +Vr)
2.370+05 . _ N
SYNOPSYS l,.,,,,os Reverse Bias: 0-700 V gNp (1 -+ N—D)
yNnoPsy - \ .
l::::: 400 L 1op mlicrqn . 180 —— T T T T T T T
. . 0V | ”
150 350 |- —— 20V or T ' 8
i N —40\/ | 160 i 1
= %00r r— Y ——60V T | T _
E [ — 8O\ || = 150 y
10 ke | —— 100V s |
() - —
2 —— 200V © 140
g 200 ;' 3OOV § 130 I - T El
@ 150 | — 400V I I 112
50 'g N = 120
| © 120 - 1
= 100 | ’,' | — 600V4 — = 100 pm experimental| .
- i | |—— 700V}, 110 - 100 um simulation
50 | - .
| / \ ! EIA
% 100 200 300 400 0 ey 1 < S—— -t 1. 7 . 1.
0 50 100 150 200 250 300 0 5 10 15 20 25

x position (um) VBias (V')

Maximum Lateral Depletion =170 pm

_ _ _ _ Bi-National Conference on Detectors R&D
Enrico.Sangregorio@imm.cnr.it R —

LPNHE Paris




4H-S1C Neutron Detector Design
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Neutron-Irradiation Experimental Setup

4H-S1C Device
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Counts

Experimental and Simulated Neutron Response

Neutron Fluence: 5 X 1014 n/cm? ° o Neutrons o
Neutron Energy: 14.1 MeV
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*8Si(n,2p)*'Mg 13412.8 <1073

neutrons at high temperatures." Fusion Engineering and Design 204 (2024): 114486.
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High Temperature Neutron Response
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Neutron Energy: 14.1 MeV
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Kushoro, Matteo Hakeem, et al. "Operation of a 250um-thick SiC detector with DT
neutrons at high temperatures." Fusion Engineering and Design 204 (2024): 114486.
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Experimental Setup for Electrical Characterization
Keithley 2612 SMU Probe Station

Sula Technologies
DLTS
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Current — Voltage Characterization

Forward J-V Characteristics of Unirradiated S1C-V Detector at Different Temperatures
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Current — Voltage Characterization

J-V Characteristics Comparison between Unirradiated S1C-V and Irradiated S1C-K Detectors

10° — » Higher and Temperature Dependence
of the Series Resistance

i — 160 ,
1 0_2 - - T —l— Unirradiated SiC-V
1404 —@— Irradiated SiC-K

120

107

Current Density (A / cm?)

g 100
=
80
10° 50
Measurement Temperature
;f Unirradiated SiC-V Irradiated SiC-K i I g - o 0
107 / 298 K - — 208K 300 350 400 450 500 550
— 323 K - = 323 K Temperature (K)
373 K 373 K : .
 ioaK - 423K » Shift of the J-V Characteristics at
1010 B —— 473K - - 473K :
 Eoak _ _ EoaK Higher Voltages
| . L . | . | .
0 1 2 3 4 5 n=24at 298 K followed by a decrease
Forward Bias (V) at higher temperatures

_ _ _ _ Bi-National Conference on Detectors R&D
14 Enrico.Sangregorio@imm.cnr.it —

LPNHE Paris




Visi (V)

Built-in Potential and Carrier Mobility
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Current — Voltage Characterization

Reverse J-V Characteristics of Unirradiated S1C-V and Irradiated S1C-K Detectors
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» Before Irradiation, S1C-V shows a low
Leakage Current

» After Neutron Irradiation, a higher
Leakage Current 1s detected

» In both cases, the Leakage Current
Value 1s 1n good agreement with
reported data

Liu, L. Y., et al. Ni/4H-SiC Schottky diode neutron detector under
high fluence irradiation. Diamond Relat. Mater. 88 (2018): 256—-261.
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Capacitance — Voltage Characterization
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Deep Level Transient Spectroscopy
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Summary and Conclusions

» The HR-OBIC technique proved to be an effective method for
characterizing the edge structure of S1C devices.

» J-V measurements showed an increase in Rs and n, influencing
V,; and n_, and an enhanced J ., after neutron 1rradiation.

» C-V analysis highlighted Dopant Deactivation through defect-
induced carrier compensation.

1/C 2 (F?)

» DLTS identified the characteristic SiC traps, with irradiation
shifting their Energy Levels and increasing their Concentration.
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Despite neutron-induced electrical degradation, the tested 250 um 4H-S1C device exhibited promising
radiation hardness and thermal stability, supporting its use for neutron detection 1n fusion reactors.
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Built-in Potential with J-V
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