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What is PythTB?

• PythTB is a software package providing a Python 
implementation for tight-binding models.


• Developed by Sinisa Coh and David Vanderbilt
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Making tight-binding models is easy. Why 
should I use PythTB?

• Only work in real space.


• Easily compute band structure and get eigenvectors.


• Easily create slab, cube, or other finite boundary conditions.


• Easily compute Berry phase or plot Wilson loop eigenvalues.
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But I don’t know Python…. 

• Learning Python is a good time investment. 


• Let this be your excuse to learn it.


• Truth: the code is so easy, you don’t even need to know 
Python to use it.
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Goals

• Today: plot band structures for models from the previous 
lecture.


• Tomorrow: implement topological tight-binding models in 
PythTB to visualize topological surface states and Berry 
phase.
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Example 1: atoms in 1d
H(R = ±x̂) = �t

H(R 6= ±x̂) = 0

Lattice vectors (we only have one)

Orbitals in units of lattice vets (we only have one)

Hopping term: (amplitude, iα, jβ, R)

k path in units of reciprocal lattice vecs

Define model: (dim k space, dim real space, 
lattice vecs, orbital vecs)

Vector of ticks based on path and numsteps

Repeat this line for more bands, up to evals[n]
Labels of k-points on path
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Example 1: atoms in 1d
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Example 2: square lattice

H(R) =

(
�t if R = ±x̂,±ŷ

0 else

Two two-component lattice vecs

Still one orbital; now two components

k path: Γ, X, M, ΓΓ X

M

Added another tick because longer k path
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Example 2: square lattice
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Example 3: interpenetrating 
square lattices

Two orbitals!

Onsite energy 
for each orbital

A sublattice hopping

B sublattice hopping

Inter-sublattice hopping

(last term is R)

{
{
{

Now plotting two bands
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Example 3: interpenetrating square lattices
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Exercise 1: implement 1d chain with inversion, s and p orbitals 

U = �z

Hsp(x̂) = �Hsp(�x̂)

Hss(pp)(x̂) = Hss(pp)(�x̂)

Sample spectrum:

onsite nearest neighbor,

same orbital

nearest neighbor,

different orbital orbital

Hk
=

✓
µs 0

0 µp

◆
+
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�ts 0

0 �tp

◆
cos k +

✓
0 �itsp

itsp 0

◆
sin k + . . .
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Exercise 2: implement pg Hamiltonian and plot band structure

(Non-symmorphic) group generated by {my | ½ 0} “Frieze” 
group

glide exchanges orbitals U
g

= �
x

r1 = 0, r2 = 1/2

�
x

Hk�
x

= Hk

• both sites have same chemical potential

• two types of nearest neighbor hopping

Sample spectrum: t = t’ = 1

Hk

= µI+ (t cos
k

2

+ t0 sin
k
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)�
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+ . . .
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