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Research objectives UNIVERSITY of

BOLOGNA

* 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
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v" device structure and irradiation conditions

v' EBIC mapping

v' detailed characterization as a function of dose by:
-V

junction spectroscopy

charge collection efficiency
v' correlation to charge collection efficiency, CCE
v' summary and conclusions
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4H SiC device structure UNIVERSITY of

schematic BOLOGNA

epilayer n =6 x 104 cm-3

Ni,Si 6= 2.55mm, t = 200nm substrate 4H-SiC (0001)
Si-face CREE Res. Inc. R&D
- Epitaxial layer medium quality
n, 4H-SiC, 39 um
epitaxial grown
silane (2% in H,)
Substrate o/ i
: propane (5% in H,)
nH, AHSIC, 360Um /5 ratio of 2

Ohmic contact .
TilPt/Au ohmic contact

Ti/Pl/Au (30/30/50 nm)
at 1000 °C

neutron irradiation: E =1 MeV (Niel equivalent in Si), fluence ® <8 x 101> cm-2

Filippo Fabbri
8th RD50 Workshop University of Bologna, ITALY




Dept. of Physics
UNIVERSITY of
BOLOGNA

electrically active defects in as-prepared
and irradiated diodes

as-prepared \

s
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emergency points of the partial
dislocation at the SF, c=14% :
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inhomogeneity of the bulk
and

recombination activity enhanced at the SFs

!

generation of electrically active defects in the
strain field of stacking faults
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DLTS spectra of as-prepared diodes [unversiryor

BOLOGNA

4H-SiC as prepared
=116s’ . . .
en=tios un-irradiated diode

bias -10, 0, -10 V
pulse of 10ms
t,=5.2x102s
t,=1.3x10"s

100 200 300 400 500 600
Temperature (K)
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neutron irradiation ® <1014 cm-2 e
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Capture kinetics of e
traps SN5 and SN7 "~ BoLoGNA

neutron fluence ® = 1x10'4 cm2

SN5

0=3e-16 cm’

6=8e-16 cm’

| 1x1IO'7 | 2x1IO'7 | 3x’IIO'7 | 4x1IO'7 | 5x1IO'7 | 6x1IO'7 | 7x1IO'7
Pulse width (sec) pulse width (sec)

AC. —AC,
AC(OO)

= exp—|(o,v,n)1]
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From DLTS to PICTS "UNIVERSITY of
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DLTS:
transients of capacitance, AC

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

majority and minority carrier traps
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of diodes neutron-irradiated up to 8x10'% cm-2 UNIVERSITY of
BOLOGNA

Neutron Fluence cm” ' neutron fluence
piret increasing from

il 2x10"4 to 8x10"® cm-2

5x10"
7x10%”
8x10"
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Temperature (K)
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N = 2.718t, BN A u,z, i (6.T)
dXhc U, T,

_Ai(t) =11

i (t.T )= o |
N \"1° . = =
m i (O) I/ 0 =incident light, I,.=reflected light, 1

B(A) = quantum efficiency

B(2)= (1-R)xaxd a(T)=A{
1-Rx(1—axd)

R = Reflectivity = 2.95

o = absorption

d =thickness =38 um

A = wavelength =372nm = 3.314eV

= transmitted light

(hVv-E ( 7)-k6)’ N (hv-E (T) +k@)’
l-exp(-9T) exp(a/T)-1

E/(T)=E,(0K)-3.5x10 " xT?/(T+11x10° )
k@ =0.07¢V  phonon energy
A=6200cm™'eV

A.Galeckas, Phis.Stat.Sol, (a), 191, n2,

E (0K)=3.285eV 13620, (2002

I/

=y .
‘UOTO:[ItJ ~ZL(09Tm)

0 i(tlaTm) M.Tapiero et al, “Photoinduced current transient spectroscopy in high-
i T i resistivity bulk materials: instrumentation and methodology”
from transient at Tm with 0.5 <y <1 J.Appl.Phys. 64(8) (1988).

H1
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CCE vs bias voltage UNIVERSITY of
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CCE by 5.486 MeV
o-particle from 24'Am
source in vacuum (1 Pa)
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1T = (AA" )x exp( — GE/KT)
A=area A =100 Acm?K™
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Activation plot shows two ranges
of activation energy,
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v irradiation modifies the defect electrical activity
v at ® 2 4x10" cm= the material becomes semi-insulating

v irradiation dramatically affects the concentration of deep
levels

v atd>3x10 " cm? SN6, E-=1.16 eV, becomes dominant
(what about SN7, E; = 1.50 eV ?)

v estimate of the trap concentration at high fluences

v' charge collection efficiency is mostly affected by SN5 and
SNG6
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Conclusions (2) UNIVERSITY of
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v’ capture kinetics evidences point-like defects

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

but

v'they are not at the dislocation core, i.e. inside the potential

barrier, as demonstrated by their capture kinetics

future plans:
MCTS measurements
annealing treatments

nature of the traps
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