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What is PythTB?

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

e Developed by Sinisa Coh and David Vanderbilt

PythTB is based at: http://physics.rutgers.edu/pythtb/
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Making tight-binding models is easy. Why
should | 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.

PythTB is based at: http://physics.rutgers.edu/pythtb/
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But | don’t know Python....

| earning Python is a good time investment.
e | et this be your excuse to learn it.

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

PythTB is based at: http://physics.rutgers.edu/pythtb/
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Goals

e Joday: plot band structures for models from the previous
lecture.

e Tomorrow: implement topological tight-binding models in

PythTB to visualize topological surface states and Berry
phase.

PythTB is based at: http://physics.rutgers.edu/pythtb/
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Example 1: atoms in 1d
H(R — ::.CZA’}) = —1
HR # +3) =0
O C O B2 1rom oyt suport

& 12 import numpy as np
Lattice vectors (we only have one) =
6
i\\\\\\\\\‘$71at=[[1.e]l

& 13 import matplotlib.pyplot as plt
. . . . 18
Orbitals in units of lattice vets (we only have one) —* ere=t10.01]

21
_____jb my_model=tb_model(1,1, lat,orb)

3 Created on Fri Aug 24 21:23:16 2018

dduthor: jennifercano

LoOoO~NSNOYULLE WN -

Define model: (dim k space, dim real space,

. 24 my_model.set_hop(-1., @, @, [1])
lattice vecs, orbital vecs)

26
27 path=[[-.5],[@0], [.5]]

Hopping term: (amplitude, iq, j3, R)

label=(r'$-\pis',r'ses',r's\pi $')

31 numsteps=100

32 kpts=k_path(path,numsteps)

33

34

35 evals=my_model.solve_all{kpts)
36

S ¥

38 fig=pl.figure()

Repeat this line for more bands, up to evals[n]\g

K path in units of reciprocal lattice vec

Labels of k-points on path

pl.plot(evals[@])

4’ pl.title("1d chain of at oma ")

Vector of ticks based on path and numstepsw pand eneray) |
45 pl.xtic

abel("Band energy")
(0,100,200], label)

PythTB is based at: http://physics.rutgers.edu/pythtb/



http://physics.rutgers.edu/pythtb/

Band energy
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Example 1: atoms in 1d

1d chain of atoms

g 0

Path in k-space

PythTB is based at: http://physics.rutgers.edu/pythtb/
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Example 2: square lattice

—t i R =4z +1
H(R) — ’ y & 11 from pythtb import %

& 12 import numpy as np
O else & 13 import matplotlib.pyplot as plt
14
15
_ 16
Two two-component lattice vecs >17 lat=[(1.0,0.01, [0.0, 1,01]
. . Ayorb=[[0.0,0.0]]
Still one orbital; now two components — an
22 my_model=tb_model(2,2, lat,orb)
23
24
25 my_model.set_hop(-1., @8, @, [1.90,0])
26
M 27 my_model.set_hop(-1., @, @, [0,1.0])
28
29
r X Kpath: I, X, M, I »path=[[0.9,0.0], [.5,0], [.5,.5], [0.0,0.0]]
31
32 label=(r'$\Gammas',r'$xs',r'sMs',r's\Gammas")
33

34 numsteps=100
35 kpts=k_path(path,numsteps)
36
37
38 evals=my_model.solve_all(kpts)
39
40
41 fig=pl.figure()
42
43 pl.plot(evals[@])
44
_ 45 pl.title("2d square latticel')
Added another tick because longer k path 46 pl.xlabel("Path in k-space”)
\d%p.l.._&tz*el( Band energy")
48 pl.xtI™s([0,100,200,300], Label)

PythTB is based at: http://physics.rutgers.edu/pythtb/
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Band energy

Example 2: square lattice

2d square lattice

I I

Path in k-space

PythTB is based at: http://physics.rutgers.edu/pythtb/
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Example 3: interpenetrating | :

13
14 lat=[[1.0,0.0],[0.0,1.0]]

square lattices L reiiaera.on, (e
O

. 18
Two orbitals! 19 my_model=tb_model(2,2, lat,orb)

20

. 21
Onsite energy ———pmy model.set_onsite([1.0,-1.0])
. 23
for each orbital 24
25 t=1.0
26 t2=1.0
27
A Sublattlce hopplng { gg my_model.set_hop(-t, @, @, [1.0,0])
30 my_model.set_hop(-t, @, @, [0,1.0])
31
. . 32 my_model.set_hop(-t, 1, 1, [1.90,0])
‘B sublattice hopping {

33
34 my_model.set_hop(-t, 1, 1, [0,1.0])
35
. : : 36 my_model.set_hop(-t2, 9, 1, [0.90,0.0])
‘ . ’ Inter SUbIattlce hopplng{ 37 my_model.set_hop(-t2, 0: 1: [-1.6,0.0])
. 38 my_model.set_hop(-t2, @, 1, [-1.0,-1.0])
(IaSt term IS R) 39 my_model.set_hop(-t2, @, 1, [0.0,-1.0])
40
41
42 path=[[0.0,0.0],[.5,0],[.5,.5],[0.0,0.0]]
43
44 label=(r'$\Gammas$',r'sxs',r'sMs',r's\Gammas")
45
46 numsteps=100
47 kpts=k_path(path,numsteps)
48
49
50 evals=my_model.solve_all{kpts)
51
52
53 fig=pl.figqure()
54
. » 55 pl.plot(evals[0])
i
58 pl.title("Interpenetrating square lattices")
59 pl.xlabel("Path in k-space")

PythTB is based at: http://physi( ¢ pl.ylabel("sand eneray")

61 pl.xticks([0,100,200,300], label)
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Example 3: interpenetrating square lattices

Interpenetrating square lattices

Band energy

Path in k-space

PythTB is based at: http://physics.rutgers.edu/pythtb/
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Exercise 1: implement 1d chain with inversion, s and p orbitals

o —eC —oC —oC —o€ —o&

_ k __ /’LS O _tS O O _Z.tsp .
U=0, H _(O Mp)+( 0 tp>COSk+<it3p 0 sin k

onsite nearest neighbor, nearest neighbor,
same orbital different orbital orbital

4 1d chain of s and p orbitals

3

- 1
S ol |
8 | |
Sample spectrum:
=21 i
-3} i

—T 0 T

Path in k-space

PythTB is based at: http://physics.rutgers.edu/pythtb/
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Exercise 2: implement pg Hamiltonian and plot band structure

FEFEFEFE
(Non-symmorphic) group generated by {my | V2 0} L “Frieze”
r; =0,rp =1/2 ~ IrOUP
9! 9! 9
glide exchanges orbitals Uy =0y o-kao'x — HF
k . k. 5 Pg
HF = ull + (¢ cos 5 + ¢’ sin 5)033

* both sites have same chemical potential
e two types of nearest neighbor hopping

1k

Band energy
o

Sample spectrum:t=1" =1

- 0 m
Path in k-space

PythTB is based at: http://physics.rutgers.edu/pythtb/
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