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4H-Si

C

UNIVERSITA
DI TORINO Property D Si Ge GaAs CdTe @ 4H-SiC
Bandgap (eV) 5.5 1.12 0.67 1.42 1.49 3.27
Relative dielectric constant 57 11.9 16 13.1 10 9.7
Breakdown field (MV cm™!) 10 0.3 0.1 0.4 0.5 3.0
Density (g cm™) 3.5 2.3 5.33 5.3 5.9 32
Atomic number Z 6 14 32 31-33 48-52 @ 14-6
e—h creation energy (eV) 13 3.6 2.95 43 442 7.78
Saturated electron velocity (107 cm s~ at 300 K 2.2 1.0 0.6 1.2 1.0 2
Electron mobility (cm? V~! s~1) at 300 K 1800 1300 3900 8500 1100 800
Hole mobility (cm? V-'s~1) at 300 K 1200 460 1900 400 100 115
Threshold displacement energy (eV) 40-50 13-20 16-20 8-20 6-8 22-35
Minimum ionizing energy loss (MeV ¢cm™") 47 2.7 6 5.6 4.4
F. Nava, A. Cavallini, G. Bertuccio, E. Vittone, Measurement Science and Technology, 19 (2008)
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Device under study: 4H-SiC Schottky diode

UNIVERSITA Circular Schottky contact
DI TORINC (100 nm Ni, 100 nm Au) _ _ _
. @=3mm Air-bridge v' 360 ym - low micropipe density (16—-30 cm3)
Guard g | & (electroplated Au, 3 um) n+ substrate (CREE Research)
— 1 Si-face i . .
n, epitaxial 4H-SiC, v ~50 ym n-type epitaxial layer (Institute of

about 50 um thick Crystal Growth, IKZ, Berlino)

v' Frontal Schottky barrier electrodes Ni (100
nm) / Au (100 nm) (Alenia Marconi)

v Common back ohmic contact in Ti (30 nm) /
C-face Pt (30 nm) / Au (100 nm) (Alenia Marconi)

Ohmic contact, Ti/Pt/Au

D= 14 nmm Mag= 50
Photo No.-3m66  Detector- SE1
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Device under study: 4H-SiC Schottky diode
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Device cleavage for lateral IBIC investigation
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1 - Pristine diode:; Lateral IBIC

UNIVERSITA Laboratory for lon Beam Interactions, Ruder Boskovic Institute, Zagreb, Croatia
DI TORINO

4 MeV protons

2 um beam spot size (FWHM)

Charge sensitivity 1800 electrons/channel -> 14 keV in SiC
Spectral resolution: 12000 electrons (FWHM) ->94 keV in SiC
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1 - Pristine diode:; Lateral IBIC
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1 - Pristine diode:; Lateral IBIC
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1 - Pristine diode:; Lateral IBIC

CCE (%)
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1 - Pristine diode: Lateral IBIC
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1 - Pristine diode:; Lateral IBIC

Drift-diffusion model - Simulation
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2 — Frontal irradiation
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20 MeV #C

2 — Frontal irradiation
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2 — Frontal irradiation

Damaging ions: C, 20 MeV
DI TORINO
Fluence Fluence
(cm?2) (cm2)
: “ CCE (%)

10V Applied bias voltages

Ettore Vittone — 14.09.2022 .E@ozz

M
0
&




UNIVERSITA
DI TORINO

Guard ring

N doped 4H-SiC
Epitaxial layer

4 MeV protons

K

Scan Region

Ti/Pt/Au Ohmic contact

Ettore Vittone — 14.09.2022

3 — Lateral IBIC
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3 — Lateral IBIC
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Recombination centers €===m Radiation damage Electrically active deep-level defects
Decrease of the carrier lifetime Doping compensation
CCE degradation Modification of the Electrostatics

JOURNAL OF APPLIED PHYSICS 104, 093711 (2008)

Electrical properties of high energy ion irradiated 4H-SiC Schottky diodes

G. Izzo," G. Litrico," L. Calcagno,”® G. Foti,' and F. La Via®
'Phys-ics- Department, Catania University, Via S. Sofia 64, 95123 Catania, ftaly
2Cf\«’.R-[MM’, Sezione di Catania, Stradale Primosole 50, 95121 Catania, Italy
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FIG. 2. Epilayer resistance as a function of ion fluence for two different ; ¥
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3 — Lateral IBIC
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Pristine

3 — Lateral IBIC
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3 — Lateral IBIC
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3 — Lateral IBIC
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Conclusions

UNIVERSITA
DITORINO | ateral IBIC for the functional characterization of a 4H-Schottky diode

The CCE profiles of the pristine diode

* Show an evolution of the depletion layer in agreement with that extracted from
the C-V characterization

* From the analysis of the exponential decay of CCE in the neutral regions —»
minority carrier (hole) lifetime = 80 ns.

Irradiation of selected regions with 20 MeV C ions at different fluences

The CCE profiles of the irradiated regions

* Show a decreasing of the CCE, which is compatible with the decreasing of the
carrier lifetimes induced by radiation damage

* The shrinkage of the depletion layer as a function of the damaging ion fluence can
be interpreted as due to the formation of charge defects following the damage
profile, which act as donor traps
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