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Why Silicon Carbide for radiation detection

/=

Applications

- UV - Soft-X detection

- Charged Particle detection and identification
- Neutron detection

\

Signals amplitude

—> Less charge than Si, SiC=Si/2
= A problem for MIP!

= No problem in all other case

Property Si Diamond Diamond 4H SiC —
Material MCz, FZ, epi | Polycrystal single crystal | epitaxial /

E, [eV] 1.12 55 55 %
Ebreatdonn [V/cm] 310° 10' 10’ 22100 —7 °
e [cm/Vs] 1450 1800 >1800 800 z
i, [em’/Vs] 450 1200 >1200 115

Vsac [cm/s] 0.8:10’ 2210’ 2.2:10’ 210" | e
Z 14 6 6 14/6 =
Er 11.9 5.7 5.7 9.7

e-h energy [eV] 3.6 13 13 7.6 .
Density [g/cm3)] L33 3.515 3.515 3.22
Displacem. [eV] 13-20 43 43 23 .
e-h/um for mips ~80 36 36 55

=

= Timing applications

(NP

Wide band-gap (3.3 eV)

Low Leakage current

Insensitivity to the electromagnetic radiation
in the visible range

High Breakdown
Electrically robust devices
Radiations hardness

4H-3IC

Different e-h mobility

Charge Identification - pulse
shape analysis

Fast devices

Higher displacement threshold
Radiation hardness more than

Silicon

Rad Hard devices!




INFN R&D on SiC detectors

2017 - INFN call CSNS5 - SiCILIA ) S

Silicon Carbide Detectors for Intense Luminosity Investigations and Applications

)
SiCILIA strategy INFN
C

SiCILIA collaboration

INFN
CNR-IMM - Catania
CNR-INO — Pisa

. PSI — Switzerland
{\lms ENEA- Frascati

Fondazione Bruno Kessler (FBK) — Trento

Epitaxial growth SiC beyond the state of the art (~30 um == 100 pm) T mr ooy
Processing => from Schottky =% to p-n junctions

-

SiC particles detectors

Goal =)
100 pm

without dead layers
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SIiCILIA results: Epitaxial growths

12 Macroscopic defects
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Donor & Acceptor

Point and Point-like Impurities
defects .s, =) Deep levels in the gap
|.
! Charge trapping!

Vacancies and interstitials
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SICILIA results: Epitaxial growths E' N FN!
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SICILIA results: Processin
& p-n diodes INFN

JTE p implanted ring
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New p-n junction devices
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Performance overview: Energy Resolution

p'ndiodes

Hamamatzu _ )
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Performance overview: SiC-

p'ndiodes
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New beam test are in preparation

S. Tudisco et al. NIM A in press




Performance overview : parti

es identification

48Ca+2C @25MeV/n

Telescope

TeIescopeI i
S|C
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Performance overview : Neutrons detections

p'ndiodes

Counts / bin
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Performance overview : X-Ray detection Synchrotrons radiation ™ wsnm

P-Ndiodes —

Whitebeam
SAMPLE VERY high intensity

X-ray detector

Mirror Monochromator Slits Frontend

Transparency
Beam Position Monitor (XBPM)+ Extreme radiation hardness

1,2,3,4,5 Fast response

Radiation
hardness »

SiC 100 um

Dose (GGy)

Radiation Hardness



rmance overview :

P-Ngiodes

Protons beam

60 MeV H*

irradiation

LNS CATANAlIne

TensioneV)

i

o

-02

04 F

-06

-0.8

D SiC 10pm 1x1 cm?

5 x10*% H*/cm? 3 kGy

30
tempols)

10Gy
oAt
SiC
4/
0 “0 2‘0 ' ;o 50

unaamentalresearcn ana

10° —

. F —o— Before H irradiation
107 F o After Hirradiation

1 0_7 " leakage current almost unchanged
o i after H irradiation
& 10" |
101
107 _
10'13 E 1 1 1
-200 -150 -100 -50
Bias (V)
Bias
[
Sic
Radl’atitg'r |-V Converter
o Vout

+—_ Beam Monitor and

dosimetry applications

r —o— Before H irradiation
FE —0— After H irradiation

107

10° :
10™ , junction barrier quality is .
= good
10 3 after the H irradiation 3
< 10§ 3
o 107} 4
10° k :
107 3
10"k 1
10'11 L L
00 05 10 15 20 25 30
Bias (V)

\ 241Am Alpha Spectrum

04 .
—Before H” irradiation
—— After H® irradiation (60 MeV)
03+ .
[%2]
T
5 02+ .
(@]
®)]
0.1+r .
0,0 .
500 1000 1500 2000
Channels

INFN




Performance overview: Radiation Hardness
.(\Monitor

-

v

| ELI

P-Ndiodes Heavy lons beam
Beam Spot @ =1cm AnTgges
l Collimator l H w17° i Rutherford Scattering‘ E \
5T ;
T ¢=0.8mm“‘ ~ghicat :

Epearm=12.5+25 MeV

Charge Collection Efficiency

b

Hamamatsu
$3590-06

SiC/Si - DUT

Energy spectra

Defects => Impact
ionization charge

SiC

Silicon

(o]
]

- pristine

4 --10° O/cm?

*10° O/cm®

<-10" 0/cm?

510" O/cm?
| 2102 0/cm?

N
o
LN B B B R

& pristine
-+-10° O/cm?
*-10° O/cm®

©-10" O/cm?

PR T T N N B I | L
% 200 400 600 800 1000 %
HV [Volt]

N PPN N B P
100 200 300 400 500

HV [Volt]

SiC Silicon
|
— pristine . — pristine
1 2 10~ P
10 — :g: g;cmz - | —10° O/em®
r — cm C
[ — 10" O/cm? - |10 orem’
I 10" O/em? - |—10" 0/cm?
3 | 3 |
® qﬂfz:—
1072+ i
L Beam stopped |
F inside detector
(IR AT N A PRI T A 3l e e b Py g By L N
8 9 10 11 12 13 14 15 16 10 19 20 21 22 23 24 25 26 27
Energy [MeV] Energy [MeV]
e siceonccersw | Resolution T e —
4[| —®— SiC 75%<CCE<90% 3 3
- | —&— SIC 90%<CCE<105% — =500%
3501 v sigsu<cCE<100% h.é & =
- -
3 /’ 5 107% =
32.5- 5 -
QL. /
E y Q
s 2- / & o g
: 10-° E
E1.5* ,/.f AN g
15* /l”_\\. e I
0_5:— 10-10L asssand asassml e e
s v | | | ‘ ‘ 108 10° 10 10! 10%2
0 L 11l (R Ll AR AR REI
10° 10° 10° 10° 10" 10" 10" Ion Fluence (cm2)

Fluence [cm"]

unaamentalresearcn ana




Performance overview : Radiation Hardness

P-Ngiodes
electrons beam
e 5 MeV .
_________ >D SiC 10pm 5x5 mm?
100 = = o
80
=X 60
Ll
)
O 40
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0 ! !
1,E+00 1,E+03 1,E+06 1,E409 1,E+12 1,E+15
Fluence [electrons/cm2]

LINAC @ UniMe

Electrons irradiation

- Energy 5 MeV

- Current 1-200 mA
- Rep. Rate 1-300 Hz
- Pulse duration 3 usec
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Performance overview : ToF mesurements on Laser facility
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* normal PCB

* connector

» 2x5Csl
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New set-up : FRAISE @ INFN-LNS INEN

Will provide fragmetation beams with very high intensity (up to 107 p/s for ions like 1eC)

= M‘j l 3.5 . f—rr—4 7 —f—x4 4
R S
=] gl T o T
EE A exisur L ‘ e . il
G T i Most of the produced beams
"T)I:"A _g . .
cZ s E 12 G 1 will be «cocktail» and need
e T g event by event identification
RN - = 10 h
ety :(; S g through the measurement of
T T FSDP04 Q . .
T s 8 time of flight and energy loss
M= @
rii _ “ DEGRADER o 6
>
- T e 4 SiCll
= o w ap
S 2| #e i
= 5 10 15 20 25 30 35 40 45 50
| b i Time of flight (ns)
i, s T The new tagging device must

be fast & radiation tolerant,

New fragment separator therefore SiC was chosen as

One of the studied configuration foresees the use an array of
pads of 5 mmx 5mm able to cover a surface up to 6 cmx 5cm
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New set-up: P
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Perspectives for new devices

sensor chip

flip-chip
bonding with .~
CERN solder bumps _:
\ \ ‘ \

single pixel
read-out cell

read-out chip

SiC-Pixel

Monolithic Structure SiC Buried anode
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o N

E signal E

INFN

G. Cardella et al NIMA 378 (1996) 262
S. Tudisco et al NIMA 426 (1999) 436
F. Amorini et al NIMA 550 (2005) 248
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PNRR - SAMOTHRACE R&D on Medical devices @a\l

SiciliAn MicrOnanoTecH Research And Innovation CEnter

Fondazione
SAMOTHRACE

Sicilian Micro
and Nano Technology
Research and Innovation Center

Wp4-SiC Detectors for particle therapy, dosimetry e micro-dosimetry

* New SiC Radiation hard detectors for: Particle
therapy, dosimetry, beam monitoring, radio-
protection

* Micro-Dosimetry devices

* Imaging devices

New devices
v'Dosimeters
v'Micro-dosimeters
v'beam-monitors

vImaging devices Synergy
IMM-CNR, LPE, STM

ICNACK

lazionale di Adroterapia Oncologica




Silicon Carbide devices for radiation detection

Sicilion Micro
and Nano Technology
Research and Innovation Center
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