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PythTB: a python library for tight binding





1. Bloch theorem
…plane waves modulated by periodic functions 




 has the same periodicity as the lattice.


ψnk(r) = eik⋅runk(r)

unk(r)



1. Wannier functions
The Wannier function is centered at lattice site 
R

wnR(r) =
1

N ∫BZ
dk e−ik⋅R+iϕ(k)ψnk(r)

•  reflect the gauge freedom 

• Choosing  to minimize spread gives  

maximally localized Wannier functions 


• Form a complete orthonormal basis 

ϕ(k)

ϕ(k)

∫ dr w*nR(r)wmR′￼
(r) = δnmδRR′￼

(Marzari & Vanderbilt 1997)



1. Tight-binding Hamiltonian
HR,R′￼

= ⟨wnR | Ĥ |wmR′￼
⟩ = ∫ dr w*nR(r)[−

ℏ2

2m
∇2 + V(r)] wmR′￼

(r)

HR,R′￼
= ∑

R,R′￼

tR,R′￼
|wnR⟩⟨wnR′￼

| + ∑
R

εR |wnR⟩⟨wnR |

Or in the second quantization form 


with  creating an electron in the localized orbital at site  .

ĤTB = ∑
i

εi c†
i ci + ∑

i≠j

tij c†
i cj

c†
i i ({ci, c†

j } = δij)



1. Take-home message

electronic states are well described by a set of  
orbitals localized at lattice sites  
and electrons move by hopping between them

DFT Wannierization εij, tij

Energy band of graphene from DFT



2. Graphene

σ

• Carbon: 


•  hybridization  3 in-plane  bonds (120°)


• One  orbital per atom, perpendicular to the plane


• Nearest-neighbor hopping 

2s22p2

sp2 → σ

pz

t ≈ 2.7 eV



2. Lattice structure
Non Bravais lattice


(two inequivalent sites A, B)
a ≈ 1.42Å

Primitive lattice vectors

Nearest neighbor vectors

Tight-binding Hamiltonian


H = − t∑
R

3

∑
i=1

a†
RbR+δi

+ h . c .



2. Band structure in k-space
Fourier transform the fermionic operators 


Hamiltonian in the -space: 


where 


Energy band: 

(
a ⃗R m,n

b ⃗R m,n) =
1
Nunit

∑⃗
k

ei ⃗k⋅ ⃗R m,n (
a ⃗k

b ⃗k) .

k Hgraphene( ⃗k) = ( 0 t f( ⃗k)

t f*( ⃗k) 0 )
f( ⃗k) =

3

∑
i=1

ei ⃗k⋅ ⃗δi = e−ikxa + 2eikxa/2 cos
3kya
2

.

E± = ± t 3 + 2 cos( 3kya) + 4 cos( 3
2

kya) cos( 3
2

kxa) .



2. Band structure in k-space
E± = ± t 3 + 2 cos( 3kya) + 4 cos( 3

2
kya) cos( 3

2
kxa) .

• Linear dispersion .

• The Fermi velocity


E± = ± ℏvF |k |

vF =
3 t a
2ℏ

≈ 0.9 × 106 m/s ≈
c

300
.

Fine structure constant  
graphene is a strongly-coupled version of QED

αg ≈ 2.2



3. Zigzag graphene nanoribbon



3. Zigzag graphene nanoribbon



Take-home messages

• Tight-binding model


• Graphene: linear dispersion at Dirac points


• Zigzag (nor armchair) graphene nanoribbon:  

localized edge states


