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Wide range of applications of SiC
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https://en.wikipedia.org/wiki/Silicon_carbide



SiC-SiC Ceramic matrix composites (CMCs) in jet engines
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Phase diagram of Si and C

V.	Presser	and	K.	G.	Nickel	(2008),	Critical	Reviews	in	Solid	State	and	Materials	Sciences,	33:1,	1-99
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Structure of SiC

• Si4C	or	C4Si	tetrahedra are	basic	
building	blocks	of	SiC

• Stacking	of	the	Si-C	bilayers	result	in	
various	possible	polytypes

• Polytypes:	 identical	in	two	
dimensions	and	differ	in	the	third

V.	Presser	and	K.	G.	Nickel	(2008),	Critical	Reviews	in	Solid	State	and	Materials	Sciences,	33:1,	1-99 5



Mixed cubic and hexagonal stackings

V.	Presser	and	K.	G.	Nickel	(2008),	Critical	Reviews	in	Solid	State	and	Materials	Sciences,	33:1,	1-99
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Polytype nomenclature
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R:	Ramsdell notation
nX where	n	=	total	number	 of	layers	and	X	=	H	,	R	or	C	to	indicate	
the	lattice	type	(hexagonal,	rhombohedral,	 or	cubic)

J:	Jagodzinski notation	
Cubic	(k)	and	hexagonal	(h)	 tetrahedra stacking	order

ZH:	Zhdanov	Hex	notation
Zigzag-pattern	(forward	and	backward)	along	 the	stacking-order

Hexagonality:	ratio	of	k	to	n
V.	Presser	and	K.	G.	Nickel	(2008),	Critical	Reviews	in	Solid	State	and	Materials	Sciences,	33:1,	1-99
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Some of the known polytypes (total number: ~250)

https://en.wikipedia.org/wiki/Polymorphs_of_silicon_carbide

Polytypism occurs	because	the	
difference	in	energy	between	the	cubic	
and	hexagonal	stacking	is	small

Physicochemical	and	mechanical	
properties	are	almost	identical	
between	polytypes,	but	large	variation	
electrical	structure.

Unanswered	fundamental	problems	
concerning	polytypes:	Many	stackings
should	occur,	 so	why	are	there	not
infinitely	many	and	why	are	they	not	
disordered?



Cubic and hexagonal band structure 
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~1	eV	difference	in	Eg
Other	materials	with	polytypes
often	differ	by	<	0.1	eV	(e.g.	ZnS)

2H:	Eg =	3.33	eV	 3C:	Eg =	2.39	eV	

W.	R.	L.	Lambrechts,	S.	Limpijumnong,	S.	N.	Rashkeev,	and	B.	Segall,	
Phys.	Stat.	Sol.	(b)	202(1),	5,	(1997).



Band gap and lattice parameter dependence on hexagonality
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V.	Presser	and	K.	G.	Nickel	(2008),	Critical	Reviews	in	Solid	State	and	Materials	Sciences,	33:1,	1-99

• Brillouion zone	folding	 is	the	origin	of	the	linear	dependence	of	the	gap	on	hexagonality
• Hexagonality contorts	unit	cell,	decreasing	a and	increasing	c/n



Conclusions
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• Structure	of	SiC	built	on	stacking	of	Si4C	and	C4Si	tetrahedra
• Many	physicochemical	and	mechanical	properties	depend	on	average	values,	so	

not	affected	by	structural	differences
• Electrical	structure	depends	on	geometry	 (1	eV	difference	in	band	gap	from	cubic	

to	hexagonal)
• Band	gap	range	and	high	 temperature	stability	allow	SiC	to	be	potentially	used	as	a	

semiconductor	enabling	operation	of	devices	at	high-temperatures,	high-power,	
and	high-frequencies

• Remaining	questions:	why	are	there	not	infinitely	many	polytypes and	why	are	they	
not	disordered?


