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Brillouin	zone	del	grafeno	
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Brillouin	zone	del	grafeno	
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Plane	wave	expansion	
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Empty	cell	band	structure	
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Γ-M	line	
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Γ-M	line	(cont)	
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Γ-M	line	(cont)	
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Graphene	empty	cell	Γ-M	line		
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Γ-K	line	
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Γ-K	line	(cont)	
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Γ-K	line	(cont)	
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fcc	unit	cell	
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Diamond	structure	(fcc	+basis)	
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Complex	Nght	binding	factors	
We	define,	to	simplify	the	notaNon:	

    

g
1
≡

1
4

eik⋅nAB
(1)

+eik⋅nAB
(2)

+eik⋅nAB
(3)

+eik⋅nAB
(4)⎡

⎣⎢
⎤
⎦⎥

g
2
≡

1
4

eik⋅nAB
(1)

+eik⋅nAB
(2)

−eik⋅nAB
(3)

−eik⋅nAB
(4)⎡

⎣⎢
⎤
⎦⎥

g
3
≡

1
4

eik⋅nAB
(1)

−eik⋅nAB
(2)

+eik⋅nAB
(3)

−eik⋅nAB
(4)⎡

⎣⎢
⎤
⎦⎥

g
4
≡

1
4

eik⋅nAB
(1)

−eik⋅nAB
(2)

−eik⋅nAB
(3)

+eik⋅nAB
(4)⎡

⎣⎢
⎤
⎦⎥



H(sA,sB)	matrix	elements	
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H(sA,pB)	matrix	elements	
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Symmetrized	elements	in	diamond	

•  Define	
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Tight	binding	hamiltonian	diamond	
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Diamond	reciprocal	laUce	
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−̂i + ĵ + k̂( ); −b

2
=

2π
a
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Diamond	BZ:	a	truncated	octahedron	
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Diamond	BZ	
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Empty	laUce	band	structure	
•  We	consider	the	following	reciprocal	laUce	
vectors:	
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For solids in the'diamond structure there is a close resemblance between the true bands, the
nearest-neighbor linear combination of atomic orbitals (LCAO) bands, and the free-electron
bands. Making use of the similarity of the last two we have derived universal LCAO parame-
ters for the interatomic matrix elements between s- and p-like states. They are all of the form
q(A2/md2), and for the diamond structure they are in good agreement with Harrison's earlier
empirical results. For more closely packed structures the q coefficients deviate from Harrison's
values.

INTRODUCTION where

The description of the electronic structure of solids
in terms of linear combination of atomic orbitals
(LCAO) theory has proven extremely useful. ' The
main problem in carrying out this approach is the
determination of the parameters (matrix elements)
that enter, and for an accurate description of the
bands they are usually adjusted by matching the
LCAO bands to the bands obtained by other methods.
Harrison has found that an approximate fit can be

obtained using universal parameters. The s- and p-
state energies, so and po, are taken equal to the
Herman-Skillman atomic-term values. ' (The nota-
tion follows Koster and Slater. 4) The interatomic
matrix elements are taken to be

(II'm) = v)(l
md

ss~ = 1 40 ~ happ~ =3 24
= 1.84, happ„= —0.81 .

d is the nearest-neighbor distance, and only the
nearest-neighbor matrix elements are included. So
far this has been an empirical finding. It is the result
of considering the numbers obtained from detailed
LCAO fits to the bands by Chadi and Cohen. ' We
will, however, now show that the same result can be
derived theoretically by matching the LCAO bands to
free-electron bands.

I. DIAMOND STRUCTURE

Figure 1 shows the energy bands of germanium to-
gether with LCAO bands based on s and p states with

a ct.

+
b
Q,

—"-2
C9
K -4
ILJ

b

CO
I

—xv
md2

-l2
r
(b)

FIG, 1. Energy bands for germanium. Part (a) shows the bands as determined by Chelikowsky and Cohen (Ref, 6) using an
empirical-nonlocal-pseudopotential scheme. Part (b) shows an LCAO fit by Chadi and Cohen (Ref. 5) using only nearest-
neighbor matrix elements. Part (c) shows the free-electron bands.
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Harrison’s	match	(PRB	20,	2420	(1979)	
•  Harrison	suggested	matching	the	TB	band	structure	
to	the	empty	cell	eigenvalues	and	use	these	to	
determine	universal	Nght	binding	parameters.	
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TB	Hamiltonian	k	=	0		
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p-states	
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Tight-binding	Δ	direcNon	
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TB	Hamiltonian	Δ	direcNon	
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TB	Hamiltonian	X-point	
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s-p	states	at	X	
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Pure	p	states	at	X	
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TB	universal	parameters	
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TB parameters η
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η
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η
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Ideal 9π2 64 3 15π2 64 21π2 64 −3π2 32

Ideal 1.39 1.79 3.24 −0.93
Fit Ge −1.40 1.84 3.24 −0.81

Universal −1.32 1.42 2.22 −0.63



LaUce	parameters	

    

Si Ge Sn
a(Å) 5.43 5.66 6.49

d(Å) 2.35 2.45 2.81
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Bonding	in	Si,	Ge,Sn	

Si	 Ge	 Sn	
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