TUTORIAL SYNOPSIS |
N Quantum

3 Wise

BlstB TOpOloglcal Ins‘%‘wr When every atom matters

Conduction band

% Use Crystal Builder to create Bi,Se; bulk configuration.

Energy

Surface states

% GGA and SOGGA band structures. e e

% Use Surface (Cleave) tool to create Bi,Se;(0001) slab.

Valence band )

% SOGGA band structure: Surface states emerge and form a Dirac cone. Momentum
% SOGGA DOS: Dirac cone finger print.
% Bloch states on the Dirac cone: Penetration depths of surface states located on the top and bottom

surfaces.

%  Fermi surface and spin directions.




Use Crystal Builder to setup bulk configuration

Virtual NanoLab @ virtual NanoLab

File Templates Tools File Templates Tools

Spacegroup and lattice Options Spacegroup and lattice

Options
Preview Space group 166:R-3 m (H) Preview
Space group 166: R-3 m (H) h Lattice ) primitive
Primitive - i
Lattice - Bravais lattice: Hexagonal @® conventional
Bravais lattice: Hexagonal @ conventional Pearson symbol: hP15 .
" || Show equivalent atoms
Pearson symbol: hPO - a| 4138Aa _ -
. || show equivalent atoms Build
a| 4138A|a - b B b/a @ Primitive
. c| 2864A a 6.92122 8 i
b B b/a @ Primitive ¥ ¢ Conventional
| 28.64A |y c/a 6.92122 Conventional _—
Element X y z
3a Selenium | =
6c Bismuth 0.399 I =
6c Selenium 0.206 I =
LH
O Builder
File Edit Selection View Windows Help - -
= = = = — - Preview Resel Build
r=m = s B <O 5
o HHEL TP A2 4

> Builders f
|

> Bulk Tools

> Coordinate Tools

> Device Tools

» Graphics
Stash > Miscellaneous
Add
Copy > Selection Tools
Delete

Crystal

= »
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GGA and SOGGA band stractures

Script Generator - Bi25e3_bulk.py

ATK-D FT File Edit Windows Help
= & '
% 9x9x9 k-points |
Blocks Script
< OMX 150 Hartree e caleulter e ot
% GGA.PBE and SOGGA.PBE ) orerenrte gt
* . . Adjust Configuration Bandstructure
e ey 14 itial New Calculator
< Use GGA state as initial guess for ::t'amm:e ,nmalme
Bandstructure
the SOGGA state g Anatvsis
Global 10
Default output file
script detail Minimal =
& Compare data

Bandstructure

. . . lgéi’/,.\j ST T B T A o SIEAA T W LY
Bulk Bi,Ses is an insulator — bulk_bs_gga.nc - gID000 (Spin.All)
— bulk_bs sogga.nc - glD000 (Spin.All)

DPOOC + & BE O xy-o01s302

Energy (eV)




Use Surface (Cleave) to create Bi,Se;(0001) slab

Surface (Cleave) > Surface (Cleave)

Define the surface Finalize output configuration

Miller indices
& Automatically update 3D view

h k i=-(h+k) |
Y ol 11- Out-of-plane cell vector vsis
select an atom for the outer layer Non-periodic and normal (slab) =
Element a b c Layers A
0 Selenl... 0000 0000 0.0 Top vacuum | 03492 10.0000
1 Seleni... 0.333| 0.667 0.6¢ " =
Thickness | 1.0000 28.6400
2 Seleni...| 0.667 0.333 0.3!
Bottom vacuum | 0.3492 | 10.0000

3 Bismuth 0.667 0.333 0.7
4 Bismuth 0333 0.667 0.2¢
5 Bismuth 0.000 0.000 0.6¢

Bismuth 0.667 0333 0.9]

Bismuth  0.000 0.000 0.3

Bismuth 0333 0.667 0.0t =
<Back | | Finish Cancel

(] Lattice Parameters

Seleni... 0333 0.667 0.8]

10 Seleni...| 0.667 0.333 0.1]

11 Seleni..., 0333 0.667 0.4

Choose the lattice type from the dropdown menu.

13 Seleni 0.000/ 0.000 0.2¢ I:attice type: Hexagonal :

Keep | fractional ¢ | coordinates constant when changing the lattice

Lattice Parameters

| Next> Cancel Adjust the lattice parameters of the selected lattice type. Only
parameters relevant For the lattice type can be changed. Lattice
parameters can be exported to the clipboard by right-clicking.

a (&) 4138 a
b (A) B bfa
c(A) 48.64 |y cfa 11.7545

Primitive Vectors

Manipulate the Primitive Vectors directly. This is only possible if
UnitCell was chosen from the dropdown menu.

x (&) y (A) z (A)

i

Volume = 721.282 A2

Bi,Se; Topological Insulator QuantumWise Slide 4



SOGGA band structure: Sérface states emerge and form a Dirac cone

- Script Generator(2) - Crystal (0001).py*
ATK-DFT File Edit Windows Help
- 8
‘:‘ 9X9X1 k-pOlntS Blocks Script
@ New Calculator Bulk
«» OMX 150 Hartree ‘ ; (g New calcutator
Analysis from File nitial State
S _ Adjust Configuration @Newcatculatnr
% Electron temperature = 50 K (] e (] e
(g imization Bandstructure
% SOGGA restarted from GGA state (& opemen
@Analysis
Global 10
Default output File
Script detail Minimal &
10 Bandstructure Bandstructure
0.5 0.2t |
bands 144+145
= 0.1f Dirac cone 1
L QD e B EF
5 0.0 | rereremmesssnininsin s S e €
—0.1f bands 142+143 :
—0.5 |
-0.2 /\/\
/\/% bulk bands
10— Yl W N -0.3 1
K r M

r
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SOGGA DQOS: Dirac cone fiager print

Script Generator(5) - dos.py

Analysis from File File Edit Windows Help
B ®
% 21x21x1 k-point grid blocke it

1 Analysis from File

% Important to include the Gamma point Anaw [ penstyorsuates

Adjust Configuration
Initial State
Optimization

@ Analysis

Global 10

Default output file

Seript detail Minimal

Density of States

DOS (eV") &

| I¥

035 -
03 |-
025 -

02 | '
Dirac cone

01 |-

0.05 -

E (eV)
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Bloch states on the Dirac cone: Penetration depth of surface states located

on the top and bottom surfaces

Bandstructure
BlochState analysis osf
% Script provided o
% Surface Bloch states projected onto the C-direction ol
3
= 0.2
k=[0, 0.04, 0]
ool
1600 . . . . 360 -
— r band 144 band 145 | — 8 r
t 1330
1400 " — ¢
--H----- R EE LR LR R t- = {300
t 1 |
: |
| 3 1 11 4
1200 D m— 270 Z
L 1l
T {240 (1, 0,0)
1000 I n Al
Heon 1210 @ a
- I'II I E} r / 1
] T
~ 800} ho 11808 /o jspinz
: Iy ! [ g 0/’ |
h | (. 4150 & —7 i
| I ! 1l c / :
600 T g . y
T T T T 1120 | 7
L L I | @ L | ,’/Spin.X
400+ I I [ | | 190 \\\://
B : P ! oy | e = pﬁ;Yv'——N
I Phor b X ’
i: ot 1” o 160
200 oty
1y b T o 130
8] e/\p ® g O @ O &0
0 . L ™o ] IRV
0 10 20 30 40 50

C-direction (Angstrom)

Bi,Se; Topological Insulator QuantumWise Slide 7



Fermi surfaces and spin directions

Bandstructure and BlochState analyses

% Script provided for Bandstructure analysis on _- ]
. . e e . . 0-10 Q.SO// \\Q‘q
a dense k-grid in the vicinity of the Dirac point — 0 a, 30 —_
Q- 0p
% Plots the Fermi surfaces for a single surface /
state as a contour plot
0.05F T
% Also extracts and plots the spin directions on
the E=0.15 eV contour
<& 0.00f 1
—0.05 1
Oqoo 02°
045, / 0450
—0.10[ 1
-0.10 —0.05 0.0 0.05 0.10

k

'

Bi,Se; Topological Insulator QuantumWise Slide 8



