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• to contribute to the characterization and 
understanding of defects in 4H SiC by their 
controlled generation

• to straightforwardly relate them to  device 
performance, specifically the efficiency of 
high energy radiation detectors

Research objectives
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Outline

device structure and irradiation conditions
EBIC mapping
detailed characterization as a function of dose by: 

I-V
junction spectroscopy
charge collection efficiency 

correlation to charge collection efficiency, CCE
summary and conclusions 
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4H SiC device structure

schematic

Ni2Si  φ = 2.55 mm, t = 200nm

Epitaxial layer
n,  4H-SiC,  39 μm

Substrate
n+, 4H-SiC , 360 μm

Ohmic contact
Ti/Pt/Au

Si-face

C-face

epilayer n = 6 x 1014 cm-3

substrate  4H-SiC (0001)
CREE Res. Inc. R&D 
medium quality

epitaxial grown 
silane (2% in H2) 
propane (5% in H2)
C/Si ratio of 2 

ohmic contact
Ti/Pl/Au (30/30/50 nm)
at 1000 0C

neutron irradiation: E = 1 MeV (Niel equivalent in Si), fluence Φ ≤ 8 x 1015 cm-2
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as-prepared

electrically active defects in as-prepared 
and irradiated diodes
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generation of electrically active defects in the 
strain field of stacking faults

inhomogeneity of the bulk 

and 

recombination activity enhanced at the SFs
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Current-voltage characteristics
at RT
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DLTS spectra of as-prepared diodes
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DLTS spectra
neutron irradiation Φ ≤ 1014 cm-2
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Capture kinetics of 
traps SN5 and SN7
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From DLTS to PICTS 

DLTS:   
transients of capacitance, ΔC 

majority carrier traps
PICTS, Photo-Induced Current Transient Spectroscopy:
transients of photocurrent, ΔI

majority and minority carrier traps
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PICTS peak amplitude vs neutron fluence Φ

1014 1015 1016

10-3

10-2

10-1
 SN5
 SN6

a.
u.

Neutron dose (n/cm2)

SN6520K

SN5465K



8th RD50 Workshop
Filippo Fabbri
University of Bologna, ITALY

Dept. of  Physics 
UNIVERSITY of 

BOLOGNA

Evaluation of trap concentration from 
PICTS
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613-620, (2002)
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Arrhenius plot
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CCE vs bias voltage
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role of trap SN6 at ET =1.16eV !?
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Trap density NT vs CCEmax
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irradiation modifies the defect electrical activity
at Φ ≥ 4x1014 cm-2 the material becomes semi-insulating
irradiation dramatically affects the concentration of deep 
levels
at Φ > 3 x 10 15 cm-2    SN6, ET=1.16 eV, becomes dominant
(what about SN7, ET = 1.50 eV ?)
estimate of the trap concentration at high fluences
charge collection efficiency is mostly affected by SN5 and 
SN6

Summary and Conclusions (1)
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future plans:
MCTS measurements
annealing treatments

nature of the traps

capture kinetics evidences point-like defects

some of them are located in the strain field of the 
dislocations (electrical activity of partial dislocations at SFs)

but

they are not at the dislocation core, i.e. inside the potential 
barrier, as demonstrated by their capture kinetics
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