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4H-SiC
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3 mm

Frontal view

Device under study: 4H-SiC Schottky diode

 360 μm - low micropipe density (16–30 cm-3)

n+ substrate (CREE Research)

 50 μm n-type epitaxial layer (Institute of

Crystal Growth, IKZ, Berlino)

 Frontal Schottky barrier electrodes Ni (100

nm) / Au (100 nm) (Alenia Marconi)

 Common back ohmic contact in Ti (30 nm) /

Pt (30 nm) / Au (100 nm) (Alenia Marconi)
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Device under study: 4H-SiC Schottky diode
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Full depletion @ - 220 V

Effective doping
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Full depletion @ - 220 V

Effective doping
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Device under study: 4H-SiC Schottky diode
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Cross section view

50 µm

|Leakage Current| @ 100 V < 1 nA
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Device cleavage for lateral IBIC investigation



1 - Pristine diode: Lateral IBIC
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Depth (mm)

Range
Longitudinal: 100 µm
Lateral: 2.6 µm

Laboratory for Ion Beam Interactions, Ruder Boškovic Institute, Zagreb, Croatia

4 MeV protons

2 µm beam spot size (FWHM)

Charge sensitivity 1800 electrons/channel -> 14 keV in SiC

Spectral resolution: 12000 electrons (FWHM) ->94 keV in SiC



1 - Pristine diode: Lateral IBIC
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1 - Pristine diode: Lateral IBIC
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1 - Pristine diode: Lateral IBIC
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Depletion layer


high electric field/drift velocity


Complete induced charge collection (Ramo theorem)

Neutral layer


Minority carrier diffusion


CCE exponential decay

Drift-Diffusion model



1 - Pristine diode: Lateral IBIC
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1 - Pristine diode: Lateral IBIC

30 V                          50 V                     70 V 

Vb
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nsp  80

m,  ,(Lp m)3094 

Drift-diffusion model - Simulation



2 – Frontal irradiation
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20 MeV C ions in 4H-SiC

Vacancy profile

Ionization profile



2 – Frontal irradiation

Vb = 10 V

20 MeV 4+C Vout
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2 – Frontal irradiation

Vb = 10 V

20 MeV 4+C Vout
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2 – Frontal irradiation

68 μm

170 μm

145 μm
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Fluence (cm-2)
Area 1 : 200108

Area 2 : 180108

Area 3 :  61108

Area 4 :  20108

Area 5 :  6.1108

Area 6 :  2.0108



2 – Frontal irradiation
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Damaging ions: C, 20 MeV
Fluence 
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10 V Applied bias voltages 50 V



3 – Lateral IBIC
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4 MeV protons



3 – Lateral IBIC
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Radiation damage Recombination centers

Decrease of the carrier lifetime

CCE degradation

Electrically active deep-level defects

Doping compensation

Modification of the Electrostatics



3 – Lateral IBIC
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Area 7

20 MeV C ion 20 MeV C ion
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3 – Lateral IBIC
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3 – Lateral IBIC
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Minority carrier
Lifetime Shortening

Vacancies



3 – Lateral IBIC
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Pristine

Area 4, 20 C/µm2



3 – Lateral IBIC
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Pristine



3 – Lateral IBIC
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3 – Lateral IBIC
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Conclusions

Lateral 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


