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User account

Name: its.usrl
Password: Cost2022:)



Setting up and installations s

DATA SHARING

Help JetBrains improve its products by sending anonymous data about features and plugins
used, hardware and software configuration, statistics on types of files, number of files per
project, etc, Please note that this will not include personal data or any sensitive information,

o O p e n p yC h a r l I I A such as source code, file names, etc, The data sent complies with the JetBrains Privacy Policy,

m Data sharing preferences apply to all installed JetBrains products.

You can always change this behavior in Settings | Appearance & Behavior | System Settings |
Data Sharing.

* Click “exit” and afterwards “don’t send”.

Send Anonymous Statistics

* In project, click “new project”, and select a name,

2 Virtualeny

and change environment to “conda”.

Cancel




Continued installation

* Open “anaconda prompt”. base) C:\Users\maytalc>activate materials training_school
 Write “activate <project name>". i
* Write:

condainstall =—channel conda-forge pymatgen
* Write: “y” to proceed when asked.
* Write: “pip install WF-Prop”.

* In Pycharm, there is update that needs to be complete:

2| Event Log

Updating skeletons.., ee—— %:43 4 spaces Python 3.10 (materials_training_school) ‘ia




Numerical methods &

python library implementation

Wave function propagation

& analysis
| I I |
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Initial wave-
function
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Convergence
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for Local potential

vector
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module

Extending
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vector

* dt — time step convergence test
* Simulation overall time convergence test

* Propagation simulation creator
* Transmission coefficient calculation




Numerical methods &

thon library implementation
Wave Function propagation Gui

j should supply the
Browse

owse

Python packages:

Browse




Using the code GUI

* On the bottom of the pycharm window, click “python consul”.
* To open the GUI write:




Downloading the VASP output files

* LOCPOT - a file of the material potential from DFT calculations
e vasprun — conduction band edge and band gap value

* Location to download: training course web site



Type of LOCPOT materials

* GaAs
e AIN
* GaSn



Options for selection on GUI

* Uploading potential energy files:

Wave Function propagation Gui

Open the locpot file of your system. If you have the locpot of your bulk matenals, you should supply them too

Main Locpot File |
Bulk material locpot 1

Bulk material locpot 2

If you want your E0 to be imported from your calculation, please Load here your

vapsrun file - for the bulk material you wish to initialize the electron at

vasprun file j Browse




The rest of the GU| |-

Flip s your interface

" n What convergence test you wish to perform?
S e e C I O S Convergence Tests

spatial grid density

* We can simply tick all output: |l

input here the initial energy. The energy of an electron at the bottom of the conduction band. In units of Joules

input here the standard deviation of the g 1 e function. This should be given in units of Meter

input here the Initial number of time 5. The number of dt the overall simulation will undergo. This should be an integer

500

input here the Initial value of your time step, dt. It will be used as an initial guess of the default value

to average the local potential

se from the options what you would like to do
Options

Tiint averaged local potentia!

Extend Lo

umulative proba

Modeling the interface




? Open

. P , < « Master degree > LOCPOTS_For_Git &) Search LOCPOTS_For_Git
Click on ‘Browse’,

e [ ]
[ ]
Details on GUI options: faer — =777 ..
e |0Cp0t files Name Status [’S(Gf{c{i[ﬁeﬁ

> Quick access |_] LOCPOT_interface_Ge_Si_unstrained @ 7 2022 10:27
B Desktop » D LOCPOT._interface_Si_Ge_strained @ 2022 11:2
' Downloads » [7) LOCPOT_interface_Whole_Ge ) 10/01/2022 12:15
1. Loadlng LOCpOt fl Ie Main Locpot File = Documents # [ Locpor si [©) 151
If You have bulk-materials locpot files Bulk material B Pictures #  [oceoro )
You can load them too, at that level. Bulk material Ic Master degree + [ ocporoH )
movies_btorrent * [7) LocPoT-OHH @
FIXED_POSCAR [ Locrot-00H ) v
File name: ].OCPOT_S: v | ALLFiles

Open Cancel

2. Define your system

If you want the code to handle an

interface-system, turn on the check box. If
you have a vacuum or any kind of slab,
turn on the range providing check box.

ne a certain range?




select select select select

2C

2. Define your system

If you want the code to handle an
interface-system, turn on the check box. If
you have a vacuum or any kind of slab,
turn on the range providing check box.

Has an interface? 2d v| Has an interface? Has an interface? 2b v| Has an interface? 23

Define a certain range? v| Define a certain range? v| Define a certain range? Define a certain range?

I Initiation position of the wave-function

File Edit Help . . .
— PR Only if you have an interface in
Where do you want to initialize you wave function

Do you want it to search for a position automatically or manually be supplying an initial position? VOUF SyStem, you can Choose the
Intial position ‘automatically’ option.
automatically Otherwise — select manually.

It Doesn’t matter what you
chose. The next pop-up window
will be the first to appear.

select
If your selection is as the Has an interface?
following, the next pop-up

window will appear. Please supply the position where you want to treat as a reference point

Define a certain range?
* Cancel

If your selection is as the
If your selection is as the f0'||0Wing, Fhe next pop-up
following, the next pop-up window will appear.
window will appear.

Please supply the initial and final positions where you want to define your system

select

Start Position
v| Has an interface? 2C

[

select

Has an interface? Zb

Please supply the initial and final positions where you want to define your system Final Position

Start Position

[

v| Define a certain range?

Please supply the position where you want to treat as a reference point

0 |
m Cancel

Final Position

Cancel

v| Define a certain range?

EO




3. Convergence tests

Choose what convergence tests you wish
perform.

3a. Grid density

Applies to Stgae_1
sub-module.
Applies to the special grid
spacing/partition

Later you will be asked to provide the
initial number of measurement points in

What convergence test you wish to perform?

Convergence Tests

3b. System size

Applies to Stgae_2

sub-module
Basically — determines to
system’s length.

Determines the system length by
iterating over increasing lengths of the

the space region. This number determines system and increasing simulation times.

the spacial spacing. If you did not choose
to perform the grid density convergence
test, it would determine the actual
spacial spacing.

lease input here the in
5e-19
Please input here the st
e-11

e Initial number of

Please input here the Initial value of you

1e-18

It is calculated from the parameters that
fits the point where the transmission
coefficient reaches plateau with respect
to simulation time

of an electron at the bottom of the conduction band. In units of Joules

inction. This should be given in units of Meter

The number of dx. This should be an integer

s an initial guess of the default value ‘

3c. Time step - dt

Determines the time-step
value for the propagation

Later, you will be asked to provide an initial guess
for the time-step convergence test, if it was
checked true.

If you rather not to perform the time-step
convergence test, this value will be the time-step
value that will be used through the propagation.

At this point, you should provide some crucial
information about your desired initial wave-
function.

Those would be the gaussian width (the sigma of
the Gauss-function) and the initial total energy of
an electron at the bottom of the conduction band.

I\

~

J




What convergence test you wish to perform?

3. Convergence tests

Choose what convergence tests you wish
perform.

3b. System size

3c. Time step - dt
Determines the time-step
value for the propagation
proccess

3a. Grid density Applies to Stgae_2

Applies to Stgae_1 sub-module
sub-module Basically — determines to
system’s length.

3a. Grid density

Applies to Stgae 1
sub-module

If you chose to perform the grid-density convergence test, then you will be asked to provide the maximum number of
iterations that the algorithm will be going through.

? Grid density convergence Choice for maximum number of iterations

File Edit Help

m during the grid-density convegence

Submit | Cancel




Please choose the axis you wish to average the local potential

4. Axis grid ' his m
7 G[‘Odule Ve
r .
@y © Uy 0N s
C at,o,'s Or¢ 2 f?ot
a/CU/a z_iooﬂ/y 7 0
The following step is to choose the parallel direction where the wave function will be ' s,

propagated along. This also will be the direction where all the local potential will be
averaged to for yielding 1D local potential. The default axis grid is Z.

options what you would hke to do

5. Optional operations

choice

Print averaged local potential

Extend Locpot
The last part of the form. Enables to choose what you wish
the module to perform. If you do not choose any of these,
nothing is going to happen (if you chose to perform the Transmission coefficient
a convergence test, it will run the test and then will finish
without doing anything else).

Full propagation

Cumulative probability

Cancel




Options

5. Optional operations Print averaged local potentia

choice v| Extend Locpot The Only operation that might affect the course of the
Full propagation convergence test is extending of the local potential.

Transm

Cumulative pro

=

5a. Locpot
elongation

do you want to extend your Locpot?

Choosing this option will lead to the
Insertaion into a position within the locpot following pop-up window to appear.
Just multiplication

It will also going to be used to the number of time the inserted part will be multiplied

10

If you chose to insert into a certain position, please supply it here, in units of Angstrum

0

t that has already loaded?
What to insert

bulk-like locpot

Import external bulk-locpot



5a. Locpot elongation You can choose just the take the original local potential
vector and multiply it — putting together side by side the
> local potential vectors as many times you wish.
Or you can take a certain range of local potential and
insert it into a position within the original locpot vector.

# Locpot elongation It asks the user to provide the number of the
multiplications the local potential vector is
going be multiplied at. It is utilized both for the

>
cases when the user asked the elongation of
‘o T
nsertaion into a position within the locpot the IOCpOt to be JUSt d mU|t|pllcatlon or
, 3 ‘insertion into a position’ (the inserted part will
Just multiplication L.
be multiplied).
How many times you would like to multiply the locpot
It will also going to be used to the number of time the inserted part will be multiplied
o 00|
If you chose to insert into a certain position Df;\?%@ ,‘wHﬁQ"‘, it here, in units of Ang':’[ru"‘ |f the Option Of Iinsertion into a position’ was chosen'
e @@ | the user is required to provide the position where he
If you chose to insert into a certain position, do you want it to wish insert the vector.
find a bulk-like Locpot region or import from a bulk locpot that has already loaded?
What to insert
bulk-like locpot > If the option of ‘insertion into a position’ was chosen,

It asks the user to tell what exactly to insert. It can insert
a bulk locpot vector or search for a bulk-like local
potential (which is taken from the far mid-range local
potential of each material).

Import external bulk-locpot




Printing potential

» After uploading files, select “print average potential” at the end.

GaAs

=10 -

411 - =—=1D Local potential

Electrostatic potential in eV, V(Z)

T T T T T T T
o 1 2 3 4 5 &



Next GUI pop-ups: multiplying potential

?

File Edit Help

How do you want to extend your Locpot?

Locpot Elongation

Insertaion into a position within the locpot
| Just multiplication
find a bulk-like Locpot region, or choose it manually?
What to insert

bulk-like locpot

Choose manually

?

File Edit Help

How many times you would like to multiply the locpot

It will also going to be used as the number of times the inserted part will be multiplied

10

If vou chose to insert into a certain position, please supply it here, in units of Angstrum

o |
oo Do




Extending the potential

» After selecting “just multiply” the potential, write: multiply 10 times

GaAs

L bbbt




Selections for flux position and initial wavefunction:

?

File Edit Help

please supply your your reference point after extending the local potential vector

29
-

File Edit Help

you want to initialize you wave function
Do you want it to search for a position automatically or manually supply an initial position?
If you do not have an interface, please choose to initialize the wave-function manually
Initial position
automatically
| manually

If you chose to calculate Transmission coefficient, do you wantt the detemine upper limit of simulation time for the integration?
o |

2

File Edit Help

Where do you want to initialize you wave function

When asked where to store the movie file, you may select one of the LOCPOT files.



Charge time evolution

* Choose a reference location to calculate flux: write “29”.

* Manually select initial position: write “15” at the center of the grid.
GaAs

TR




Time-dependent flux

Cumulative Probabilty Through the interface and Transmission coefficient

— Probabilty current J.-._,_, , Transmission coefficient is : 1.07604 %

1.50e+15 -
1.25e+15
1.00e+15 -
7.50e+14 l

5.00e+14

2.50e+14

|

2.50e+14 , , , , , ,

0.0 0.5 1.0 1.5 2.0 2.5
Time simulation, in fsec



Cumulative time-dependent Flux

| % Fiqure 7 — O

Cumulative Probabilty Through the interface vs simulation time

1.75e-01 -
1.50e-01 -
' 1.25e-01 -
1.00e-01 -
7.50e-02 |
: 5.00e-02 -

' 2.50e-02 -

! 0.00e+00 - Cumulative probailty through the interface is = 0.1502

T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5
Time simulation, in fsec



Watching the movie (checking the file MP4

Interface system |@{z, t)) Interface system |g(z, t))

0.6 4 0.6 4
— Reference Po|nt — Reference Po
' L8]
0.4 \ 0.4 -
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Comparing between different flux positions

 Choose a reference location to calculate flux: write “23” instead of
“29” Th?e start of the flux increase and maxima start earlier.

File Edit Help

please supply your your reference point after extending the local potential vector

23
Z=29

Cumulative Probabilty Through the interface vs simulation time

1.75e-01
1.50e-01 -
! 1.25e-01 -

! 1.00e-01 -

2.00e-01

probabilty through the interface

1
| 7.50e-02
. 5.00e-02 -

i
! 2.50e-02 -

|
0.00e+00 - —— Cumulative probailty through the interface is = 0.1502 o.o°e+o<

T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 X ) J
Time simulation, in fsec Time simulation, in fsec



Comparing between different initial positions

* Manually select initial position: write “9” instead of “15”.

Late and less sharp rise.

Cumulative probabilty through the interface

2.00e-01

1.75e-01

1.50e-01

1.25e-01

1.00e-01

7.50e-02

5.00e-02

2.50e-02

0.00e+00

?

File Edit Help

Where do you want to initialize you wave function

g

Zo=9

—— Cumulative probailty through the interface is = 0.1781

b
i 1.50e-01
! 1.25e-01
1
: 1.00e-01
i
| 7.50e-02
b
i 5.00e-02 -

i
! 2.50e-02 -

| 0.00e+00 -

T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5
Time simulation, in fsec

Zo=15

Cumulative Probabilty Through the interface vs simulation time

1.75e-01 o

—— Cumulative probailty through the interface is = 0.1502

T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5
Time simulation, in fsec



Comparing different initial energies

gy of an electron at the bottom of the conduction band. In units of Joules

* More and faster transmission.

Initial energy 10e-19) | Initial energy 5e-19]

e
Cumulative probailty through the interface Is = 0.1472 Cumulative Probabilty Through the interface vs simulation time
2.00e-01 +
1.75e-01 -

bt

,
£ | 1.50e-01
£ 1.50e-01 i
2 t
= ! 1.25e-01 -
5, b
2 t
g i
5 | 1.00e-01 -
E 1.00e-01 [
= b
B i
& | 7.50e-02 -
v ]
= b
B 1
5 !
E | 5.00e-02
Y 5.00e-02 i

i

! 2.50e-02

[ 0.00e+00 - —— Cumulative probailty through the interface is = 0.1502

0.00e+00 + T T T T T T
0.0 0.5 1.0 15 2.0 2.5

T T T T
0.0 0.5 1.0 1.5 2.0 2.5

Time simulation, in fsec

Time simulation, in fsec



Comparing
potential m

ultiplication

vetween different sizes of

S

* Multiply the potential 20 times (instead of 10).
Not converged yet, noise scattering from grid edges.

Multiplied 20

Multiplied 10

Cumulative Probabilty Through the interface vs simulation time




experiment | http:

m <8500 cm? V15"

Comparing between materials

e GaSn has larger widths and heights in the potential.

* Note: multiply GaSn x5 times instead of x10 (since the GaAs starts at maxima the initial maxima
are deleted before multiplication from minima).

—
r~J
— —_
- N s
3 €
-5 — U 7
= c
o S 5]
= B o
= 3
e o o
o -10 - e
= S
- © 10
5 2 :
ﬁ E 11 4 =—=1D Local potential
O _14 1D Local potential i) T . T T T T T
b T T T T — T T T B 0 1 2 3 4 s ©
5 o 1 > 3 a 5 s Z axis in Angstrum
E Z axis in Angstrum


http://www.ioffe.ru/SVA/NSM/Semicond/GaAs/electric.html

Cumulative probabilty through the interface

GaSb G o

_ ) _ _ o Cumulative Probabilty Through the interface vs simulation time
Cumulative Probabilty Through the interface vs simulation time

=—— Cumulative probailty through the interface is = 0.1696
1.75e-01 -
2.50e-01
1
i 1.50e-01 +
i
2.00e-01 1
! 1.25e-01 +
h
I
]
1.50e-01 - ¢ 1.00e-01 -
=
i
| 7.50e-02 -
]
1.00e-01 L
]
. 5.00e-02 -
i
5.00e-02 - i
' 2.50e-02 -
|
0.00e+00 - —— Cumulative probailty through the interface is = 0.1502
0.00e+00
T T T T T T

T T T T T T
0.0 0.5 1.0 15 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5

Time simulation, in fsec Time simulation, in fsec



Examples for convergence tests

0.8

0.7

0.6

e e e
W - w

cumulative probabilty

e
N

0.1-

0.0

python library implementation

Stage 2 - Simulation time Convergence test

iteration = 0, Nt = 700.0, length_z = 46.47 nm
iteration = 1, Nt = 910, length z = 46.47 nm
iteration = 2, Nt = 910, length_z = 47.35 nm
iteration = 3, Nt = 1183, length_z = 47.35 nm
iteration = 4, Nt = 1183, length_z = 48.23 nm ]
iteration = 5, Nt = 1537, length_z = 48.23 nm
iteration = 6, Nt = 1537, length_z = 49.12 nm

—— jiteration = 7, Nt = 1998, length_z = 49.12 nm -

050 075 _ 1.00
simulation time in sec

125 150  L75  2.00

le-15



Initial Total Energy, Eg [eV]

Initial Potential Energy, Vy [eV]

python library implementation
Stage 1

Initial Kinetic Energy, Ty [eV]

5.1200 — EOnum
5.1000 - ' i
Ep = 5.070 [eV], input as E,
5.0800 -
1000 2000 3000 4000 5000 6000 7000
—— TOnum
14.1601 ==== TO - calc from EO-VO
14.140 1
14.120
1000 2000 3000 4000 5000 6000 7000
9.04322
9#“4322 T
9.04322
—— ViOnum
9.04322/ === V0 - calc as exp-Value
1000 2000 3000 4000 5000 6000 7000

Samples#, N
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python library implementation

Stage 2 - time step convergence tests

r T T 3
-+ Total Energy =T
JJJJ ..'-""-..--.
..-""-‘H-.---_.--
.........
e ....-"""'
.--'-".--
.-"'-'.--
i 1 " . " 1 M " " L " " " " i . " M 1
0.001 0.002 0.003 0.004 0.005
F T T T T —3
L # Kinetic Energy =
- - __._-.".--.-r".-
- “_-.‘ -
_."__..__.—-"‘"_-.r
JJJJ ...-—""'_
aaaaa
..--"'"F.--‘
i i " i M " i " " " " i " M i
0.001 0.002 0.003 0.004 0.005
T T T T T eI L. T
# Potential Energy WS e e -
.--""’
‘_._‘__.--""'._'-_" _-..I’J
.-. 1 1 Il 1 1
0.001 0.002 0.003 0.004 0005

dr, time step in fsec

Frobabilty

P

Cumnulativ

B.52e-01F

8.538e-001+

8.52e-01+

B.52e-01

85201+

& Camulative Probabilty

o0l .00z

E;o¢(Last propagation step) — E;o(First propagation step) < 1meV

®d(Last propagation step) — ®(First propagation step) <0.001

T.003
i, [fsec]

ORI

B.005




