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IntroducAon	
 
 

Property Diamond GaN 4H SiC  Si 
Eg [eV] 5.5 3.39 3.26 1.12 
Ebreakdown [V/cm] 107 4·106 2.2·106 3·105 
µe [cm2/Vs] 1800 1000 800 1450 
µh [cm2/Vs] 1200 30 115 450 
 vsat [cm/s] 2.2·107 - 2·107 0.8·107 
 Z 6 31/7 14/6 14 
εr 5.7 9.6 9.7 11.9 
e-h energy [eV] 13 8.9 7.6-8.4 3.6 
Density [g/cm3] 3.515 6.15 3.22 2.33 
Displacem. [eV] 43 ≥15 25 13-20 
 

	
·  Wide	bandgap	(3.3eV)		
Þ  lower	leakage	current	

than	silicon	
	

·  Signal	(for	MIP	!):	
Diamond		 	36 	e/mm	
SiC											 	51 	e/mm	
Si 	89 	e/mm	

Þ  more	charge	than		
diamond	Si/SiC≈2		

	
·  Higher	displacement	

threshold		than	silicon	
Þ  radiaAon	harder	than	

silicon	

M.Moll	,	NIM	in	Physics	Research	A	511	(2003)	97–105	
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SiC	detectors	

De	Napoli	et	al.	NIM	A,	572	(2007),	831	
CNR-IMM	detector		

L.	Calcagno	et	al.	RadiaAon	Effect	&	Defects	
in	Solid,	170(4),	(2015)	303	

CNR-IMM	detector				

High	linearity	 Low	noise	
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SiC	detectors	

Intrinsic	detector	resoluAon	14.5	KeV	(0.2%)	
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SiCilia	detectors	

!  AcAve	area	1	cm2		
!  DE	stage	thickness		≥	100	mm		
!  E	stage	thickness	500	÷	1000	mm		

SiC	DE-E	telescopes		

Radia1on	Hard	detectors	for	Nuclear	Physics	experiments	and	Nuclear	applica1ons			
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Ion	idenAficaAon	

R.	H.	 1014	ions/cm2		
in	ten	years	of	acAvity	

(Si	detector	dead	@	109	implanted	ions/cm2)			
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Schodky	diode	detectors	
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P+/N	detectors	

Substrate	n+	

Epi	n-	

Buffer	n+	

P+	

DE	detector	

100	mm	

	n+	

Substrate	n-	

P+	

E	detector	

1	mm	
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High	growth	rate	epitaxy	
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Thick	epitaxy	
 100 mm 

100 mm 

 240 mm 

240 mm 

Substrate 
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Challenge	for	SiC	detectors	
producAon:	device	area	

	
For	large	area	detectors	
a	 very	 low	 defects	
density	D	is	needed	
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Experimental	device	Yield	(2008)	
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Maximum	device	yield	from	opAcal	
measurements	(2016)	

Best	wafer	 Worse	wafer	

10	mm	epitaxial	layer	
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Planar	juncAon	

The	reverse	voltage	necessary	to	deplete	the	100	mm	epilayer		is	750	V.	
The	breakdown	voltage	of	the	planar	juncAon	is	>	10kV	
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Interface	charge	

The	 presence	 of	 an	 interface	 charge	 can	 decrease	 considerably	 the	
breakdown	voltage.	Then	a	edge	structure	is	necessary.	
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Edge	structure	
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Challenge	for	SiC	detectors	
producAon:	carrier	lifeAme	

The	carrier	lifeAme	can	have	an	influence	on	CCE	at	low	reverse	bias.	

G.	Verzellesi	et	al.	/	Nuclear	Instruments	and	
Methods	in	Physics	Research	A	476	(2002)	717–
721	

T.	Kimoto	et	al.	 in	“Silicon	carbide	epitaxy”	 	(Ed.	
F.	La	Via,	Research	Signapost)	



From	Silicon	to	SiC	detectors	
7-8	April	2016	
INFN	LNS	

F.	La	Via	

Challenge	for	SiC	detectors	
producAon:	carrier	lifeAme	

To	 reduce	 the	 ca rbon	
vacancies	 and	 increase	 the	
minority	 carrier	 lifeAme	 a	
high	 temperature	 oxidaAon	
or	 an	 oxidaAon	 and	 a	
s u b s e q u e n t 	 h i g h	
temperature	 annea l ing	
should	be	done	

T.	 Kimoto	 et	 al.	 in	 “Silicon	 carbide	
epitaxy”		(Ed.	F.	La	Via,	Research	Signapost)	
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Back	contact	

High	annealing	temperature	are	needed	to	have	a	good	ohmic	contact	on	the	
backside		
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Thinning	of	the	substrate	

Substrate	n+	

Epi	n-	

Buffer	n+	

P+	

10	mm	

To	realize	a	thin	substrate	and	a	
good	 ohmic	 contact	 on	 the	
backside,	 a	 laser	 annealing	
process	 o f	 the	 backs ide	
metallizaAon	is	needed.	

Yb:YAG	laser	
l = 515 nm 
Scan speed = 30 mm/s 
Frequency = 10kHz 

	

6.5	J/cm2	

T=1.2	ms	
2	sweeps	
	
Good	silicide	formaAon	
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Thick	detectors	on	intrinsic	wafers	

	n+	

Substrate	n-	

P+	

E	detector	

1	mm	

•  Carrier	lifeAme?	
•  Defects?	
•  Signal/noise	raAo?	
•  ResoluAon?	
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Summary	

•  SiC	 is	 extremely	 interesAng	 for	 high	 radiaAon	
hardness	detectors.	

•  High	 linearity	 and	 high	 resoluAon	 detectors	 have	
been	demonstrated.		

•  The	 ion	 irradiaAon	 introduces	 point	 defects	 (low	
fluence	 regime)	 or	 cluster	 of	 point	 defects	 (high	
fluence	regime).	

•  DeacAvaAon	of	dopant	
•  Increase	of	the	leakage	current	

•  The	 efficiency	 in	 the	 introducAon	 of	 point	 defects	
strongly	depends	on	the	energy.	
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Outlook	
•  For	 the	 realizaAon	 of	 high	 energy	 ions	 detectors	 the	 main	
difficulty	 is	 reach	 the	 low	defects	 density	 (<1	 cm2)	 needed	 to	
obtain	a	reasonable	yield	(>50%).	

•  Carrier	lifeAme	can	have	an	influence	on	the	CCE	at	low	voltage	
and	 then	 a	 high	 temperature	 oxidaAon	 	 process	 should	 be	
done	to	reduce	the	traps.	

•  The	P/N	 juncAons	 show	a	 lower	 reverse	 leakage	 current	with	
respect	to	the	Schodky	diodes	at	high	voltage	and	then	these	
kind	of	detectors	will	be	used	


