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The nextnanomat GUI is a convenient graphical user interface for nextnano++, nextnano’, and nextnano.NEGF.
It allows for 1D, 2D and 3D visualizations of computed results. This workflow manager is designed in a general
way allowing to run any executables and overview generated output files.

GETTING STARTED 1
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2 GETTING STARTED



CHAPTER
ONE

GUI TABS

1.1 Input

* General features of the Input tab
* Example and New Input Files

* Create new Input File with predefined Structure

* Autocomplete feature

Within the Input tab, you can visualize and edit the input file required for starting a simulation. Both ASCII
and XML format are supported.The input file specifies all information required for the simulation tool. E.g. the
material, the structure, which types of caluclations and boundaries, which output files and their format. ..

The syntax and the supported features depend on the tool used for calculations. For detailed information see related
documentation:

e nextnano++
* nextnano’
¢ nextnano.MSB

¢ nextnano.NEGF

1.1.1 General features of the Input tab
* Autocomplete
 Context-sensitive online help
 Editing
» Multiple input tabs
* Printing
* Search in File
» Syntax highlighting

e Use of variables

1.1.2 Example and New Input Files

Each installation of the nextnano software comes with an extensive set of example input files for each nextnano
tool of that installed package. In most cases these example input files are used to learn about the software and
the syntax. Small adjustments to the example files will suffice to adapt them to your simulation requirements and
device’s structure. The structure definition and material database offer high flexiblilty and customization options
and will certainly cover your desired device.



https://www.nextnano.com/goto/nextnanoplus/
https://www.nextnano.com/goto/nextnano3/
https://www.nextnano.com/goto/nextnano.MSB/
https://www.nextnano.com/goto/nextnano.NEGF/
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Instead of adapting an example input file, advanced users can write their file from scratch, generate it with
nextnanopy or use our set of template input files.

1.1.3 Create new Input File with predefined Structure

By using our set of template input files, a new and clean input file will be created - with a simple predefined
structure. This is the perfect starting point for a highly customized input file for setting up the simulation twin
of your device and research. The basic structure of the template input file contains all required blocks for the
simulation, but no additional details like our example input files do. So adjustments will be easier. An Example is
shown in Figure 1.1.3.2. When creating such a new file you can select the nextnano tool, the crystal structure and
the dimensionality of your new simulation, see Figure 1.1.3.1.

© Note

The template input files are searched for in a directory relative to the executable of the defined
nextnano tool. Thus, this feature only works if the paths to the executables are specified within
Tools - Options. This way the syntax of the newly created input file is up to date with the executable
version used for the simulation.

File Edit PRun View Tools  Help

Input Template  Template (Beta)  Simulation  Output

1D _exciton_binding_energy_infinite_CW_nnp.in

—

E. I| Create Input file by Template >

- 8 Input File Type R
| (®) nextnano++ () nextnano® () nextnano.NEGF FLa¥

i Enan

c Dirnensionality b

502

; O 1D @® 20 O 3D B

-_- Crystal Structure E
' :E ® Zinc Blende () Wurtzite

1 duct

15 oK e

16 |'EH

12 |#

Figure 1.1.3.1: Dialog for the selection of the input file type and requirements.

1.1.4 Autocomplete feature

By using the key combination ‘ctrl’ plus ‘space’ the autocomplete menu will pop up. It will show available key-
words for the current section as well as the names of defined variables.

Last update: 2025/07/09
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nextnanomat - ChUsers\carola.burkl NEXTMANO\Decuments\nextnanc\ My input files\new_input_zb_20_nnp.in -
File Edit Run View Tools Help
Input Temnplate  Template (Beta)  Simulation  Output

1D_exciton_binding_energy_infinite QW_nnp.in  new_input zb_20_nnp.in*

PR %60 AR CIN—

1 |'TEXT
3 This input file is provided to you by nextnano GmbH (https://www.nextnano.com) .
4 The last revision of this input file was done on 2025-02-11.
&
& |'ENDTEXT
2 |run{ # defining details of simulation flow
S strain{} # running algorithms related to computation of the strain
10 poisson{} # =solving Poisson eguation
13 |global{ # this group is reguired in every input file
14 temperature = 300 # =Zet temperature (reguired)
15 simulate2D{} # choose beween 1D, 2D or 3D simulation
16 substrate{ name = "Gaks"™ } # substrate material (reguired)
17 crystal_zb{ # crystal crientation - cubic [001] axis along x axis
18 ®_hkl = [0, O, 1] # specify (hkl) plane perpendicular to ®x axis: (001)
15 y hkl = [1, 0, 0] # specify (hkl) plane perpendicular to y axis: (100)
20 # z-axi= is determined from x-axis and y-axis
23
<

Ln1 Col1 modified Input file for nextnano++

Figure 1.1.3.2: Newly created Input file with a pedefined structure for the chosen input file type and requirements.

In this example a nextnano++ input file for a 2D simulation of a zincblende material.

26 |globalf{

27 simulatelD{}

29 temperature = 300.0
30

31 substrate{ name = "GaAs" }
32

33 c:‘-_;stal_zl":-_'l

34 x hkl = x_hkl =
35 y hkl = y_hkl =
3% 1} z_hkl =
3 [ ¥

'-!n:

Figure 1.1.4.1: The nextnanomat autocomplete menu.

1.1. Input
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1.2 Template

This web page describes the template feature of nextnanomat.

In the Template tab you can overview all variables which are defined in the input file. You can sweep a chosen
variable by a list of values or a range of values. Additionally, there is the option to compare the sweep results by
the post-processing feature: It collects specified data from sweep files and stores them in a separate file, so that
e.g. interband transition energy can be visualized as a function of well width.

1.2.1 Variable definition in input file (required)

[<Variab1e> = <Value> <Comment>

with the following syntax definition:

Variable (required)
A <Variable> starts with a $ or % sign (% should be preferred), can contain the characters A-Z,
a-z, 0-9 and the underscore (_). It is case-sensitive. See documentation of Input Syntax in
respective tools for further reference.

Value (required)
Any string after the = sign without # and ! characters is considered as <Value>. It is used as
default value for the Template and Template (Beta) user interface.

Comment (optional)
Starts with a # or ! sign and is used as a description of the variable in the Template user interface.
The comment may also include the following keywords (including brackets):

¢ # (DoNotShowInUserInterface)
This variable is not shown to the user in the Template user interface.

e # (DisplayUnit:<Unit>)
A string to show the unit for the variable (optional)

# (ListOfValues:<default>)
Default values for List of values input control

« # (RangeOfValues:From=1,To=10,Step=1)
Default values for Range of values input control

# (HighlightInUserInterface)
Highlights variable in Template user interface in yellow

© Note

Every line that starts with a $ (not nn3) or % (after stripping leading spaces) and includes a = is considered a
variable definition.

© Example

$well_width = 6 # Variable for quantum well width. (DisplayUnit:<nm>)..
- (RangeOfValues:From=6,To=18,Step=2) (HighlightInUserInterface)

1.2.2 Sweep over a variable + optional post-processing

If an input file includes at least one variable definition, it is possible to automatically sweep over it. The Template
Tab of nextnanomat can be seen in Figure 1.2.2.1, already pre-filled for a variable sweep. To reproduce, please
follow these steps:

6 Chapter 1. GUI tabs
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1. The input file has to be chosen as the template file. Thus all correct variable definitions are loaded into the
list.

2. Choose a sweeping variable and complete the required fields, e.g. List of values for QW_Separation.
3. The input files can be created by clicking the Create input files button.

4. They will be added to the batch list. To start the simulations you have to switch to the Simulation-tab, see
Figure 1.2.2.2.

[@) nextnanemat - [u] X
file Edt Run View Tools Help

Input Template  Template (Beta) ~ Simulation  Output

61' Path: [standard_net_automatic_y 2025 02.2 DoubleQ: ,snm,nnp,damo.m‘ c
Variable Value Unit Description
» 60 nm widths of both quantum wells
QW_SEPARATION 40 nm separation of the QWs
Sweep
O Single simulation filename suffix:
O Range of values variable: from: [ | o | e | |
@ List of values vrigble: [QW_SEPARATION V] velues [1020304050607.080901015.2030 |
Output
O Savetofolder: [CAUsers\carola.burkl NEXTNANO\Documents\nextnanotly input files | B

@ Save to temporary folder and add to batch list

[ Include all medified variables in filename
Create input files

Postprocessing

(5 oo danatie Column number: | Maximum number of valuerows: | | | Combinedata

Figure 1.2.2.1: Template tab of nextnanomat with double quantum well input file loaded.

Inpit  Template  Template (Beta) ~ Simulation  Output

RSO |

Job number nput file Star time Duration Status Host ~

5 DoubleGuantumWel_&nm_nnp_QW_SEPARATION_6.0in | 11:56:11 am 00:00:01 done Local

7 DoubleQuantumWell_6nm_nnp_QW_SEPARATION_7.0in | 11:56:13am 00:00:01 done Local

f DoubleGuantumWell_nm_nnp_QW_SEPARATION 8 0in | 11:56:13am 00:00:01 done Local

3 DoubleGuantumWel_énm_nnp_QW_SEPARATION_9.0in | 11:56:15am 00:00:01 done Local

10 DoubleGuantumWell_Enm_nnp_QW_SEPARATION_10in | 11:56:15am 000001 done Local

11 DoubleGuantumWell_6nm_nnp_QW_SEPARATION_15in | 11:56:17am 00:00:01 done Local

12 DoubleGuantumel_enm_nnp_QW_SEPARATION_20in | 11:56:17am 00:00:01 done Local
DoubleGuantumWell_Enm_nnp_QW_SEPARATION_30in | 11:56:19am 00-0001 Local

00:00:01 Writing results from guantum calculations... "~
00:00:01

00:00:01

00:00:01 ***axasxs FINISHED CALCULATION AR & aaasas s sk AdAd A s n s n g AR NAR AR AR AR AR A RRRNARARAR
00:00:01

00:00:01 End time: Thu 2021-12-30, 11:56:21 (+0100)

00:00:01 Total Quantum Solver Time: 0.001[s]

00:00:01 Simulator Run Time: 0.689[s]

00:00:01
00:00:01
00:00:01 DONE.
00:00:01

idle (all 13 simulations finished successfully in 00:00:15)

Figure 1.2.2.2: Batchlist of successfully simulated template sweep.

The sweep of a variable is now completed.

When the simulations are done, you have the possibility to use the post-processing feature. Its input fields are also
located in the Template tab and can be seen in Figure 1.2.2.3. To use post-processing,

5. Choose the output file (*.dat) and the column number of the variable you want to compare, e.g. the file
energy_spectrum_quantum_region_Gamma.dat displayed in Figure 1.2.2.4 and Figure 1.2.2.5

6. Additionally, state the maximum number of values (rows) which will be compared. (It is not allowed to
exceed the existing number of rows.)

7. Now push the button Combine data and

8. Visualize your results in the Output-tab, see Figure 1.2.2.6.

1.2. Template 7
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Create input files

Postprocessing

E. |'_spectrum_quantum_region_Gamma_DDDD.dat Column number: Maximum number of value rows: |g

| | Combine data

Figure 1.2.2.3: Additional fields to post-process a variable sweep.

For the steps 5 and 6 it is necessary to check the data structure of the simulation result you are interested in. Go to
Output tab, select the data file and toggle Text view.

[ nextnanomat - o X
File Edit Run View Tools Help

Input  Templste Template (Beta)  Simulstion  Output

wf_energy_spectrum_quantum_region_Gamma_0000.dat

HE Qe X- C

C:\D\nextnano output\1DDoubleQuantum\Well_6_x_6nm_nnp_QW_SEPERATION_01\Quantum\wf_energy_spectrum_quantum_region_Gamma_0000.dat ( (written on 19/11/2017)
Area

—
x 0.25 — =

¥ 9: 02 I -

Full size |global z ——————

[ Show data grid Soas| ”

[ Show Overlay &

[0 Hide constant values 01k

[ Legt) [ Legly) )

[ Loglabsy) 0osf

e e " " " . n . . . |

1aph style 1 2 3 3 5 [3 7 [ 9 0

® Aute O Line no. ()

O Points O Line + Points

Simulationsin |C\D\nextnane output ~| F7 (o) Outputfiles of simulation (finished on 19/11/2017) 414 kBO Treeview | ' Check
[ Order folders by date 1DDoubleq 6x 6nm nnp QW SEPERATION 01@ Listview | < Uncheck Deselect
(@ 1Ddiode_nnp(5) || 25 quantum - energyleV]

(@ 1Ddiode_nnp(5)

(i@ 1Ddiode nnp(7)

@) 1Ddiode_nnp(g)

(i@ 1DDoubleQuantumWell_6_x_6nm_nnp_OQW_SEPERATION_O1

(@ 10DoubleQuantumWell_6_x_6nm_nnp_QW_SEPERATION_02 v
< >

wi_amplitudes_quantum_region_Gamma_0000_real.dat

wf_amplitudes_shift_quantum_region_Gamma_0000.real.dat

wf_occupation_quantum_region_Gamma.dat

- wf_probabilities_quantum_region_Gamma_0000.dat ©
>

Figure 1.2.2.4: Energy eigenvalues of the first four electron states. Visualized as curves.

The result plots the chosen data in relation of the sweeping variable, see Figure 1.2.2.6.

1.2.3 Post-processing of existing sweep

If you have already done some sweeps in the past, you can also use the post-processing feature of nextnanomat
retroactively. Note, additional to the post-processing steps described above, you need to load the correct template
file and select and fill in the same variable values which have been used for the sweep.

1.3 Template (Beta)

1.3.1 Introduction

The Template (Beta) tab has a similar functionality to the Template tab. It allows convenient sweeps of an input
file through the use of variables. In comparison to the standard Template feature, the Beta version allows nested
sweeps of multiple variables. Its use is intended for experienced users who need to investigate their structure in
complex dependency of more than one variable.

1.3.2 The input file

Any input file, which contains variables, can be used. At least two variables should be defined to use the full
functionality of Template beta. Different options are provided to load an input file. It can be imported from the
currently active input tab, searched within the file explorer or by inserting the path. Once opened, the defined
variables should be shown on the right hand side. If changes to the file have been made by/with an external
application, it can easily be updated through the reload button.

8 Chapter 1. GUI tabs
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File Edit FRun View Tools Help

Input Template  Template (Beta)  Simulation  Qutput

wf_energy_spectrum_guantum_region_Garmma_0000.dat

AEROAR ke Al ey

ChDhnextnane outputh 10DoubleCuantumWell_&_x_Bnm_nnp_OW_t

o. energyl[eV]

8.834757968330
8.872977178368
0.165746432575
8.176181845194
8.181884628833
0.201673664702
8.215853888229
8.2398268535914
8.260278282538
8.2868868015848

= WD B~ T WA B R = 3

=

Figure 1.2.2.5: Text view of same output file.

nextnanomat — [m]

X

File Edit Run View Tools Help

Input Template  Template (Beta) ~ Simulation ~ Output

QW_SEPERATION wf_energy_spectrum_quantum_region_Gamma_0000_Column2.dat

e <=8 X N C
C\D\nextnano output\1DDoubleGuantumWell 6 x_6nm_nnp_ QW SEPERATION_postprocessing\QW_SEPERATION wf_energy_spectrum_qui (written on 20/10/2020)
Area

T T ; ; ; : T T T T
Min Max 017R 1
0.16 ]
x 0.15
0.12
4 0.13
Fullsize [global .12
011
O Show data grid ok
[ Show Overlay 0.09
[ Hide constant values ggs le
O Loge) [ Logly) 0.06 \M
-
[ Log(absy) 003 e
004
—— -
1 2 3 4 5 5 7 s 9 10 11 12 13 14 15
@ Auto O Line QW_SEPERATION (x)

O Points O Line + Points

Simulationsin | C:\D\nextnano output ~| [ (o Outputfiles of simulation (finished on 20/10/0) Treeview | % Check Select
[ Order folders by date 1DDoubleQ; 6 x 6nm nnp QW SEP®) List view i | < Uncheck Deselect

leQuantumWell_6_x_5nm_nnp_QW_SEPERATION_14 “ QW_SEPERATION wf_energy_spectrum_quantum_regi| | [] energy(<V]_(no. 1)

IleQuantumWell_6_x_6nm_nnp_QW_SEPERATION_15 energyleV].(ne._2)
QuantumWell_6_x_bnm_nnp_QW_SEPERATION_postprocessing energyl 3
inCdTe QW_1D energyleV]_(ne. 4)
inCdTe QW_1D(1)

AlGaAs_10nmQW_Lifetime v

< > ||« >

Figure 1.2.2.6: Result of post-processing. Electron energy eigenvalue in relation of quantum well separation.
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(@) nextnanomat t - [u] X
File Edit Run  View Tools Help
Input  Template  Template (Beta)  Simulation  Qutput
E l‘_] Path: !?\nax(nanm'\s@mp\es\LaseleudEJnGaAsJD,qm,nnp‘m‘ C [ Addnode Delete | X
Properties
Varisble Value  Unit = Temp Sweep
» | TEMPERATURE 300 K Bias Sweep Name of node:
BIAS SWEEP 1 Sweep variable
BIAS START 00 v @ Range of values
BIAS_END 0 v O List of values
BIAS_STEPS 0 e
WELL_WIDTH 7.0 m =
BARRIER WIDTH ) m step:
NUMBER_OF_WELLS H
LEFT_SCH_WIDTH E)
RIGHT_SCH_WIDTH 50 Width of the Separte Co
N_SIDE_CLADDING_WIDTH 100 Width of n-type cladding...
P_SIDE_CLADDING_WIDTH 100 Width of n-type cladding...

BARRIER_INDIUM_ALLOY_CONTENT 0.3
WELL_INDIUM_ALLOY_CONTENT  |0.80
DONOR_CONC 3.0e12

I e ers [] Newfolderforsweeps [ ] Include global index

530533333

ACCEPTOR_CONC 5.0e18
ary folder and add to batch list

iles | 12input files crested

Figure 1.3.1.1: Full view of the Template (Beta) tab.

m nextnanomat

File Edit Run View Tools  Help

Input Template  Template (Beta)  Simulation  Output

E "‘I Path: lﬂnmctnanu++\Examples‘aLaserDiDde_InGaAS,_'ID_qm_nnp.in| C

Figure 1.3.2.1: Menu to load and update the template file.

1.3.3 How to create a sweep

Follow the next steps:

1. (If the white panel is empty, click on the Add node button.)

2. Select the node New Sweep.

3. In the property panel you can define the parameters for this sweep:

1.

Choose a variable (e.g. $TEMPERATURE).

2. Set a correlating name for the sweep (e.g. “TempSweep”, Figure 1.3.3.1).

3. Select List of values or Range of values and define the values for the sweep.

4. To add a second, third etc. sweep, repeat the steps above.

1.

To create a nested sweep, select a parent node before clicking on the Add node button. The new node
will be nested below the selected one. (e.g. “BiasSweep”, Figure 1.3.3.2)

If no node is selected, the new sweep will be on the same level and they will not be correlated to each
other.

1.3.4 Save input files and run a sweep

In this example we use three different temperature values and a nested bias sweep with four different bias values
for each temperature (see Figure 1.3.3.1 and Figure 1.3.3.2). Thus 3x4 = 12 different input files are to be created.
Each input file receives the name and the values of both sweep parameters for identification.

Before running the simulation, there are different options for the simulation output:

Either the option Single folders or Structured folders can be selected. The first option generates one unique
simulation output folder for each input file (ergo, for this example separate 12 folders, see Figure 1.3.4.2), whereas
the structured option generates nested output folders matching the sweep structure. For the structured option a

10
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Add node Delete >~
Properties

.. Bias Sweep Mame of node: [Temp Sweep
Sweep variable: | TEMPERATUE -~

(® Range of values

() List of values
from: |3'D|}

to: |-1ﬂ]

step: |5"3I

Figure 1.3.3.1: Parent sweep

Add node Delete P
Properties

- Temp Sweep .
Namef s
Sweep variable: |BIAS_END

() Range of values
(® List of values
|ﬂ.9,1.ﬁ,1.l1.5 |

Figure 1.3.3.2: Nested sweep

(@ Structured folders [| Mew folder for sweeps  [] Include global index

() Single folders

Cutput
(®) Save to temporary folder and add to batch list

() Save files to:

Create input files | 12 input files created.

Figure 1.3.4.1: Output options
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global index can be included which enumerates each sweep (Figure 1.3.4.3). And/Or a parent folder - for each

sweep - can be added (Figure 1.3.4.4).

Simulations in |D:‘-.nextnano output

Qutput files of simulation LaserDiode InGaAs 10 TEMPERATURE 4

Y|P @
[C3) TempSweep ~
7] LserDiode_InGaAs_1D_TEMPERATURE_400_BIAS_2.
) LaserDiode_InGaAs_1D_TEMPERATURE_400_BIAS_15
@ LaserDiode_InGaAs_1D_TEMPERATURE_400_BIAS_1.2
[ﬁ LaserDiede_InGaAs_1D_TEMPERATURE_400_BIAS_0.9
[ﬁ LagerDiede_InGaAs_1D_TEMPERATURE_350_BIAS_2.0
() LaserDiode_inGaAs_1D_TEMPERATURE_350_BIAS_1.5
) LaserDiode_inGaAs_1D_TEMPERATURE_350_BIAS_1.2
) LaserDiode_InGaAs_1D_TEMPERATURE_350_BIAS_0.9
() LaserDiode_InGaAs_1D_TEMPERATURE_300_BIAS_2.0
@ LaserDiede_InGaAs_1D_TEMPERATURE_300_BIAS_1.5
[ﬁ LaserDiede_InGaAs_1D_TEMPERATURE_300_BIAS_1.2
[ﬁ LagerDiede_InGaAs_1D_TEMPERATURE_300_BIAS_0.5

[ TrrmeCuinee ¥ TCMOCDOATI IDC AR o
L4 >

Figure 1.3.4.2: Output option a
Simulationz in | C:\Dnextnano output

E-J) bias_0000D
F-5) Strain
FE-) Structure
grid_x.dat
' LaserDiode_InGaAs_10_TEMPERATURE_400_BIAS_2.0in

LaserDiode_InGaAs_1D_TEMPERATURE_400_BIAS_2.0log

memory_log dat

- simulation_database tat
- simulation_info b

- simulation_input txt

- varables_database tx
- varables_input txd

- Single folders.

V| E {nt Output files of simulation TempSweep 2 TEMPERATURE 400 {2 hou

|@) LaserDiode_InGaAs_10_TEMPERATURE_300_BIAS_0.9
[ TempSweep_2_TEMPERATURE_400

|) TempSweep_1_TEMPERATURE_350

[) TempSweep_0_TEMPERATURE_300

|5) Mew Sweep_TEMPERATURE_500

[5) Mew Sweep_TEMPERATURE_300

|5 LaserDiode_InGads_10_gm_nnp_quick

|C2) 1D_Transmission_DoubleBamier_CBR_paper_MSBrnp

[2) 10_TransmissionCBR_40s_MSB

[F=% Blmsss Conimmen Dmemime 1400
£

=2
| &) LaserDiode_InGafs_1D_TEMPERATURE_400_BIAS_0.9
{7 BiasSwesp_1_BIAS_1.2
1) BiasSwesp_2_BIAS_15
[#+7) BiasSweep_3_RIAS_2.0

BiasSweep_(_BIAS_D.9

Figure 1.3.4.3: Output option b - Structured folders plus global index.

Simulations in |C:\D\nextnano output

Qutput files of simulation TempSweep (1 hours ago) 45 MB

v B @
E} TempSweep -
|y LaserDiode_InGahs_1D_TEMPERATURE_400_BIAS_2.0
) LaserDiode_InGahs_1D_TEMPERATURE_400_BIAS_15
) LaserDiods_InGahs_1D_TEMPERATURE_400_BIAS_1.2
) LaserDiods_InGats_1D_TEMPERATURE_400_BIAS_0.9
@) LaserDiode_InGahs_1D_TEMPERATURE_350_BIAS_2.0
) LaserDiods_InGats_10_TEMPERATURE_350_BIAS_15
) LaserDiods_InGahs_1D_TEMPERATURE_350_BIAS_1.2
) LaserDiode_InGahs_1D_TEMPERATURE_350_BIAS_D.9
=N

| i de lefZ~fn 1M TCMOCDOATIIDE 900 DIAC B0
<

BE] TEVPERATURE 300
. [E-) BiasSweep
E-[3) BIAS_09
#-[7) LaserDiode_InGaAs_1D_TEMPERATURE_300_BIAS_0.9
-7 BIAS_12
- BIAS_15
: ®-[7) BIAS_20
[#-7) TEMPERATURE_350
[-I.) TEMPERATURE_400

Figure 1.3.4.4: Output option c - Structured folders plus parent folder.

Lastly you can choose whether you want to create the input files only temporary to directly execute them or if you

want to store them on the disk for later use.

After setting all your output preferences, click on the Create Input files button. You should see a confirmation

Create input files

after your input files are created successfully:

Next, go to the Simulation tab to find the created input files and

1.4 Simulation

The processing of simulations is done here:

* The simulations can be started, paused and stopped.

12 input files created.

execute them.

¢ There is a batch list, where input files can be added or removed. It is also possible to add complete directories

plus sub-directories by the option Add Directory Tree

to Batch List of the Simulation- menu tab.
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nextnanomat - [u] X
File Edit Run View Tools Help

Input  Template  Template (Bete)  Simulation  Output

BREAVHOOO

Job Input file Stattime  Duration  Status Host  License Type Product name
1 )_qm_nnp_TEMPERATUR 9

2 |LaserDiode InGaAs 1D_gm_nnp_TEMPERATURE_300_BIAS_END_1.0.n (temporary) idle |Local |Standard license | nextnanos+
3 |LsseDiode InGaAs_1D_qm_nnp TEMPERATURE_300_BIAS END_1.2.n (temporary) idle |Local |Standard license | nextnanos+
4 |LaserDiode InGaAs_1D_gm_nnp_TEMPERATURE_300_BIAS_END_1.5.n (temporary) idle |Local |Standard license | nextnano++
5 |LeseDiode InGaAs_1D_qm_nnp_TEMPERATURE_350_BIAS END_0.9.n (temporary) idle  |Local |Standard license | nextnano=+
6 | LeseDiode InGaAs_1D_qm_nnp_TEMPERATURE_350_BIAS_END_1.0.n (temporary) idle |Local |Standard license | nextnanos+
7 |LaserDiode InGaAs_1D_gm_nnp_TEMPERATURE_350_BIAS_END_1.2.n (temporary) idle |Local |Standard license | nextnanos+
8 |LaserDiode InGaAs 1D_gm_nnp_TEMPERATURE_350_BIAS_END_1.5.in (temporary) idle |Local |Standard license | nextnanos+
9 |LaserDiode InGaAs 1D_gm_nnp_TEMPERATURE_400_BIAS_END_0.9.in (temporary) idle |Local |Standard license | nextnano++
10 |Laseiode InGaAs_1D_qm_nnp_TEMPERATURE_400_BIAS END_1.0.n (temporary) idle |Local |Standard license | nextnano++
1| LeserDiode_InGaAs_1D_qm_nnp_TEMPERATURE_400_BIAS_END_1.2.n (temporary) idle  |Local |Standard license | nextnanos+
12 |LaserDiode_InGaAs_1D_qm_nnp_TEMPERATURE_400_BIAS_END_1.5.in (temporary) idle  |Local |Standard license | nextnanos+

idle

Figure 1.3.4.5: Created input files in simulation tab.

* Information of the processed simulation is provided. Such as Start time, Duration and Status.

* The .log-file of the currently running simulation is written below. This file, with information on the calcula-
tion, is also stored in the output folder.

1.5 Output

* Navigation
— Menu
— Panels for 1D, 2D and 3D

e Visualization

Supported Output Formats

Text view

1D View

2D View
3D View

e Features

Overlay
Hide constant values

Show differences

Snap to gridpoints

Special fullsize

Auto select color map

Fix middle color to specific value
e Export functionality

* Further information

— View settings
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— Data export settings

— Clean up output folder

— Color maps

1.5.1 Navigation

Menu

() nextnanomat - O X
File Edit Run View Tools Help

Input Template  Template (Beta)  Simulation =~ Output
bandedges dat

mEI© &2 IBr

|5nap cursor to grid points
Fullsize of whole data sheet or selected data column
Export functions Show list of overlays
Navigation in plot history (file, not zoom setting) Add, remove, clear overlays
Show slices (for 2D and 3D)

Show output file as text

Show output file as graph

Figure 1.5.1.1: Menu, containing the most important functions to visualize the output data.

By right-clicking on the active output tab - which shows the output path or filename - you can create additional
output tabs, for example to visualize different output directories. However these tasks are quite memory intensive,
so use this feature with caution. We recommend to use a single output tab.

Panels for 1D, 2D and 3D

More specific visualization functions have their own panel. (For convenience some of them can be hidden.) De-
pending on the dimension of a data file, different functionality is available. For example, whether the graph should
be represented by a dots or a line is only relevant for 1D data. Color maps and slices are only available for 2D and
3D data. The position and function of the different panels is shown in the following pictures.

@ nextnanomat o x

Fle it Run View Tooks Help

Input Template  Terplate (Bets)  Simulation Output

Ly bpir2D_icp_0_1_hL6x6kp._ev_mintD]_ev i34t

Path and date of displayed file & <=0 X- e voomser [0 B
Lnanowire_holes k. p\kpar2D_cisp_0_1_hL6x6kp_emin001_ev_maxO34dat (ASCIl dtafilewith 81 (riten o 05/08/2019)

Ovey

[ e 410 crDnextnana]|

Active output tab

Displayed area | Ares
—

004
005
006
007
008

[ Show dats grd 009
Additional visuzlization Options | 31 gpau overay 01
- «
0] Hide constant values o
O tog) I Logty) 013
Logebs
Graph style | D109y o
PNV 1y Graphayie 01
@ Auto O Line. 0.16
O Peints O Line + Points 017

Diagram 018

List of overlay data 02

= = o) & T T T
K1/nm] () B 2

Checkall

Simulations n [C\D\nextnano autpat ] £ (3} Outputfiesofsimulation  (fnished on 2/05/2018) 60MB O Teeview [V Check || Select:

Output folder view | [ Orderfolders by date K Uncheck || Deselect

@) 20GaN_nanowire._27s_nn3 202304 19-17.33.04 - Hevilev) A
Simulation folder view 3 206N o2 O evzien
(Content of selected folder) | | z06ann, ons_nn3 a3l

) 20GaN._nanawiredlectrons_nnp 0 mass xip_ev_mind01_ev_mar034.dat

Column view
@ 20GaN._nanowire_holes_Gxkp_nn3 v 2DGaN_nanowire_holes_6Skp_nn3in

(Content of selected file)

Figure 1.5.1.2: Panels for a 1D data file
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[0 nextnanomat - o x
Coordinates and data value

Fie Edt Run View Tools Help oy |
of current cursor position

Template (Bets)  Simulation  Output |

pard0T_ev018fid

Horizontal and vertical slice Q-2 X~ ) x005 y:330872205021e15 value 000728577 [
at cursor position Lnanowire_holes6x6kp. Kp\2DKpx6 wave.Nkpard01_evO181d (2D AVS il (written on 05/06/2019)

pi_squared

=* 04
4 horizont

N
- /\/\/\
o

JAVARY/

3 5 6 § &

)

¢ o
=
o

N

2 El -0 1 2 3 3 3 3

Color mapping functionality
hastablivsallbshinshinid 1Y

2
)
on  (fnished on 23/09/2019) 60MB O Treeview |\ Check

46kp on © Listuiew | € Uncheck || Deselect

~| [ psisquared ‘

Simulationsin [C:\D\nextnano output Bl =E)
[ Order folders by date

202304 19-17.33.04

202304 20-16.22.20

Figure 1.5.1.3: Panels for a 2D data file

1.5.2 Visualization
Supported Output Formats

The workflow manager nextnanomat can display the following output formats:

Jtxt
The file is displayed as a text.

.dat
The file is displayed as a graph, e.g. scalar field f{x) or vector field F(x)

r1 f(z1)
Ty f(z2)
T f(@n)
or
v fi(z1)  fel@) ... fm(71)
2 fi(ze) folz2) ... fm(x2)

.mtx or .mat
Matrix format for e.g. a matrix, a table, a f{x,y) graph. The x and y axes are labeled with integer

numbers.
A1 1 A12 A13 . Aln
Agr Az Azg ... Agy
Aml AmZ AmS cee Amn
.vtr - 2D/3D

Scalar field f{x,y,z) or vector field F(x,y,z). They can be viewed using the ParaView software
which is a full 3D visualization software while nextnanomat only displays 2D slices of 3D data
files.

fid - 1D/2D/3D
Scalar field f{x,y,z) or vector field F(x,y,z)

If a file extension is unknown it is treated as if it were a .txt file.

1.5. Output
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Text view

If text view is toggled, the content of the selected file is displayed. This view is read-only. For editing, the file
can be exported to a custom texteditor. (We do not recommend to edit data files!)

1D View

Within graph view, one-dimensional data is displayed as curves. Whether data values are represented as points or
lines is up to the user. Antialiasing can be switched on or off via View settings. Additionally, the line thickness,
background color or the usage of a grid can be customized.

If a data file contains multiple columns, each column is represented by its own curve. The list of available columns
is shown within the column view panel. Only checked curves will be displayed. Selected curves are highlighted
to allow fast recognition of related data.

Helpful features for one-dimensional data visualization are:
e QOverlay
* Hide constant values
» Show differences
* Snap to gridpoints
* Special fullsize

* Gnuplot export

2D View

Two-dimensional data is displayed as a heat map, also known as pseudo-coloring. Each value of the two-
dimensional grid is mapped to a distinct color. The color difference perceived allows the visual interpretation
of value differences. Therefore the change of the color gradient needs to be perceived linearly by the human eye.
Some color maps, like the rainbow map, introduce artefacts and have misleading visual perception, which increases
the risk for misinterpretaion of scientific data. Find more information about Color maps.

Helpful features for two-dimensional data visualization are:
* Auto select color map
» Fix middle color to specific value

* Gnuplot export of surface plots

3D View

Real three-dimensional plots are not supported by nextnanomat. Instead 2D planes of the 3D data are visualized
through heat maps, same as for 2D data. An additional panel allows the selection of the displayed plane (xy, Xz or
yz) and the position of the slice. This panel can be seen in Figure 1.5.3.10. If three-dimensional visualization is
aimed for, we recommend exporting data to ParaView.

Helpful features for three-dimensional data visualization are:

¢ All of the 2D features

* Exporting to ParaView

1.5.3 Features

Overlay

For the best experience when visually analyzing the results of the simulation, it is sometimes necessary to look at
different files at the same time. We call this the Overlay feature.

1. Select the plots you want to memorize in the column view panel.

2. Click the Add to Overlay button, see Figure 1.5.3.1. Alternatively, use the keys a (add) or + (Numpad
only).
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3. Select another output file.
4. (optional) add plots of multiple files to the overlay list.
= Your memorized plots will be displayed in gray on top of the currently selected file.

You can check and edit the content of your overlay in the overlay list panel, this panel can be shown or hidden by
clicking the Show list of overlays button. Remove selected curves with the Remove from Overlay button,
shown in Figure 1.5.3.1, or use the Del/Entf or d (delete) key on your keyboard.

You can also export the overlay graphs to one combined image file, for further information refer to Gnuplot export.

|E I._& Add Remove @l |E E |J=1<

(written on 22/02/2022) (written on 22/02/2022)
Overlay Overlay
HH[eV] - C:\D\nextnano ¢
select
hole_Fermi_level[eV] - C:\

< >
[] Checkall [[] Checkall
v Check Select v Check Select
75 Uncheck Deselect 7< Uncheck Deselect
Gamma[eV] GammaleV]
HH[eV] Select HH[eV]
™ LH[eV) LH[eV]
SO[eV] SO[ev]
-:;,'-,','-;:" level[eV] c-::'-:: Fermi_level[eV]
B hole_Fermi_level[eV]

Figure 1.5.3.1: Workflow to add or remove files from Overlay.

Hide constant values

© Note

Be careful when using this feature. We recommend to always disable it after usage.

This feature hides any parts of the curves where the value does not change within 5 grid points (two to the left and
right). Its purpose is for visualizing wave functions and probability densities on top of band edges. The constant
part which represents the energy level will be hidden. This allows to focus on the changing parts as well as for the
underlying band edge to be seen. The influence of this feature can be seen in Figure 1.5.3.2 and Figure 1.5.3.3.

Show differences

Whenever exactly two columns are selected in the column view panel, the value difference between these two
curves is shown while the mouse is hovered over the data , see Figure 1.5.3.4.

1.5. Output 17



nextnanomat Documentation, Release 5.6.4.6

Area

Fdin hax
x: | 10 || 200
y| 02 | 1

[] Full size global
[] Show data grid
Show Overlay
[+] Hide constant values
[ Loglx) [ Logly)
] Log(abs y)
Graph style
® Aute () Line
() Points () Line + Points

Figure 1.5.3.2: Hide constant values on.

0.9
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0.5

04

03
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LALT

N LN

03

06 E — =

05 |

04

03

Figure 1.5.3.3: Hide constant values off.

o

-0 10 20
position[nm] (x)

aut files of simulation  (finished on 11/06/2019) 368 MEB () Treeview | % Check Select
LsGalsCDPyramid PryorPRE1298 10nm nn3 (®) List view ?(Uncheck Deselect
:] band_structure Ly Garmma_bandedge[eV]
-] BandEdges_slice_middle_along_x.dat hh_bandedge[eV]
BandEdges_slice_middle_aleng_z.dat Ih_bandedge[eV]

- BandEdges.fld so_bandedge[eV]
cb_Gamma_slice_middle_along_x.dat

DOFFT b e liee eemiddle M - dw

Figure 1.5.3.4: Arrow showing value difference of two data curves.
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Snap to gridpoints

If snap to grid points button is toggled (default: on) a small cursor cross follows the nearest data curve
while the mouse cursor is hovered over the data. The coordinates and value displayed in the upper right corner of
nextnanomat match the data values of the curve, see Figure 1.5.3.5.

- Q_)) ¥ 125.5

o (ASCI data file with 869 points)

KA
™

y: 0.958933

Figure 1.5.3.5: Snap to grid points feature enabled.

Special fullsize

By using this feature, the view of the output diagram will be matched perfectly to a single graph. Either the selected
graph of the column view, or it is iterating through all available columns of the currently displayed file. This feature
is useful for example if a file contains multiple columns with a highly different range of values. Displaying all graphs
at the same time (normal fullsize mode) can lead to certain curves appearing to be zero. By selecting such curve
and clicking the special fullsize button, the y-axis limits are set to its respective minimum and maximum and
the curve is displayed correctly. An example for this use-case can be seen in Figure 1.5.3.6.

I} nextnanomat = O K
File Edit Run View Teools Help

Input Template  Template (Beta) =~ Simulaion ~ Output

cument_total dat

WE Qe K- CEEER

C:\Userscarola burd NEXTNANC Desktop nnm_Support-Testing Test_ Outputsolved-with Expert Settings_group 2 - bias 004 - curent_total  (written on 18/10/2015)

Area T T T T T
Min Max o U r_ 1
x 0049 400
-1E+12 E
y. -G4E12 0
Fullsize [ ]logx 2E+12 | i
[] Showgrid []logy
[] Hide constant values -3E+12 + -
Show Overay
Graph style -4E+1Z2 | -
@ Mo (O Points
() Lne O Line = Points -RE+12 | 4
-BE+12 E
1 Il 1 1 Il
] 100 200 300 400
*x[nm] (x)

Simulations in | v| 7 {n) Outputfies of simulation finished on 11/10/2021) () Tree view
[] Order folders by date

Selectal | MNone

Test Output

(®) List view

Chech/Uncheck all

;j HTCondor_Tests
log¥_testData
ScreenshotsBugs
|2 scripts for Carola
;j Test_Inputfiles

{57 Test_Output

L £

1DGaAs_triangular_well_nnp_condor log

E] 1DGafs_tiangular_well_nnp_emorlog
solved-withExpert Settings_agroup 2 - bias 004 - curent_to
i Alex_Maria_51.in

B cument_total dat

BT cbmmdine L ANA OO TCCTIRE B0 Lo A

~ e_cument_density[A/cm 2]
i h_cument_density[4/cm "2]
| [ tetal_cument_dergy[A/cm "2

|
|
|
L
|( >

Figure 1.5.3.6: Special fullsize for a diverging range of values.

Furthermore this feature is also useful for any other file containing more than one column. Iterating through the
columns and displaying each curve in its optimal frame, allows for fast and convenient data evaluation, see Figure
1.5.3.7. .. example one high number of curves
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M} nextnanomat = O s

File Edit Run View Teools Help
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BE C©ies B - CEHEE
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Figure 1.5.3.7: Special fullsize for a high number of curves.
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Auto select color map

If auto selection of a color map is active, a diverging color map is selected for data files spanning from negative to
positive values. Else a linear color map is chosen.

Fix middle color to specific value

This feature is aimed for the visualization of diverging data in combination with a diverging color map. It fixes
the mapping of the neutral middle color to a specific value and thus ensures a symmetric color representation of
diverging data.

© Note

To be able to support custom color maps, this feature is not limited to predefined diverging color maps. To
avoid unintentional usage we recommend to enable this feature on demand only.

The feature is enabled by checking the corresponding check box. If enabled, it is active whenever a diverging color
mayp is assumed (error prone to enable flexibility) and the data file contains the specified value. Else it is inactive
and grayed out. The visual feedback on the activity of the feature can be seen in Figure 1.5.3.8 and Figure 1.5.3.9

Example usage of the feature can be seen in Figure 1.5.3.10.

Blue white red w

P
0

Auto scale |global w

[] Auto select color map

Fix middle coler to EI

Figure 1.5.3.8: Enabled and active

1.5.4 Export functionality

Most of the export options are available from the context menu (right-click on the visualization). Some specific
options can be accessed from the output menu button Export and Open in specific Format. For the latter
option the custom defined paths to installed applications are used (with exception of the Gnuplot application).
These paths need to be defined in the Data export settings.

You can find a detailed description of the various export mechanism in the section Export Functionalities

1.5.5 Further information
References, you might find helpful...
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Blue white red w

0.311068

Auto scale |global

[] Auto select color map

Figure 1.5.3.9: Enabled but inactive

C:\D\nextnano output\3DInAsGa/AsQDPyramid_PryorPRB1998_1 0nm_nn3\strin“eps_sm_xxfid (3D AVS filc)
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Figure 1.5.3.10: Visualization of diverging data with fix middle

(witten on 29/06/2017)

eps_sim xoc
T T T T T § gg% horizontal slice
5
10 4 5
=38
1
008
5 B 007
10 0 0
— )
- 004
o q é 002 ] vertical slice
s &
]
g 0
1B
¢ 1 003
004
005
006
, 1 , , , Ay
10 5 0 5 10 o o
2] @

color feature enabled and active.
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View settings

View

Data export settings

Data export

Clean up output folder

Clean Up Simulation Output Folder

Color maps

Color maps
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CHAPTER
TWO

MAIN MENU FUNCTIONS

Drop down functions of main menu. Most functions are identical to the menu buttons of each tab page. Those
which do not clone a button functionality will be described here.

e File
» Edit
* Run
e View

e Tools

* Help

2.1 File

2.1.1 Create New Input File

This feature is part of the Input tab functionality and described there, see Create new Input File with predefined
Structure.

2.2 Edit

2.2.1 Replace existing Tabs with Spaces

This function will replace all Tabs with Spaces in the currently active input file. The number of spaces is defined
in Editor Options, Editor/Input.

2.2.2 Replace IF with WHEN

In newer versions of the nextnano++ tool, the conditional specifier if is replaced by when. This function faciliates
the corresponding syntax update of existing and custom input files, by replacing all instances of the outdated syntax
with the newer syntax.

2.2.3 Open Keyword Tree, Syntax Help

By clicking this menu function a .html keyword tree will be displayed using your default browser. The keyword
tree interactively visualizes the syntax hierarchy and keywords of the current input file type. An example for the
nextnano++ tool can be seen in :numref::fig-nnmt_input_keytree
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nextnanomat - Ch\Program Files\nextnanc'2025_04_03\nextnano+

File | Edit Run View Tocls Help

E Open Input File Ctrl+0 Output
Open Recent File b
0 O
@ Create Mew Input File g"’l@

Save Input File Ctrl+5
"Excitor

L .
= Savelnput File as... CUmEntatic
L= : . N B
b1 Save Input File and Run this Simulation to you b3
T3 mput file
4+ Save Input File and Add to Batch List .
Open nextnano++ Default Database @  j-—————————-
LS
Open nextnano® Default Database s
al Physic:
Open nextnano. M5B Default Database 0010827

Open nextnano.MEGF Default Database

LL|::p Print Input File CrleP L

Exit S ——

&

R

# debug information

Figure 2.1.1: File main menu functions
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Figure 2.2.1: Edit main menu functions
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] nextnanoplus
/] global

[0 simulatelD
O simulate?D)
[ simulate3D
[l crystal zb
[l erystal wz
[ substrate
[ temperature

[ temperature_dependent bandgap
[ temperature dependent lattice

L[] magnetic_field

[0 peniodic
[ gnd
Y impurities
[ donor
L] acceptor
[ charge
[ contacts
[ structure
[ strain
[ classical
L] poisson
[0 currents
L[] quantum
] optics
] import
L] output
[ run
[l postprocessor
[] database

Figure 2.2.3.1: Example keyword tree for a version of the nextnano++ tool.
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2.3 Run

Y nextnanomat

File Edit | Run | View Tools Help
Input Ter @, Add Input Files to Batch List

Add Directory Tree to Batch List

@ Remowve Input File from Batch List Duration Status

i _ . ’
| Clear Batch List 00:00:03 DLl DL e

( Run Unfinished Simulations F10
Run Simulations Fg
@ Stop All Simulations F11
Stop Selected Simulation F12

@ Pause All Simulations

Softkill Selected Simulation

—0.0037824 /~ . . . 3TE2249469
00:00:03 s Check &All Sirmulations for Termination beta = 0.346114345 b
—0.0037822 Check Selected Simulation for Termination P 78224465
00:00:03 beta = 0.346114345 | 1]
—0.0037T823 3TE2249469
00:00:03 Save log Files Now Crl+L beta = 0.346113475 b
-0.00378229969 F= —0.003 78220969 FH = -—0.00378224469
00:00:03 43.8 betal. = 0.346112538 beta = 0.346113475 | 1]

Figure 2.3.1: Run main menu functions

2.3.1 Add Directory Tree to Batch List

By clicking this main menu item a folder selection dialog will pop up. All input files of the selected directory and
its sub-directories will be added to the batch list. No need to manually select each file.

2.3.2 Softkill Selected Simulation

Instead of killing the process directly, this softkill function tells the running nextnano tool to terminate after the
current iteration loop has finished. This option is recommended, if you want to evaluate the simulation results of
that simulation. It is supported by the nextnano++ and nextnano® tool.

2.3.3 Check Simulations for Termination (beta)

It rarely occurs that nextnanomat is unable to detect the completion of the simulation job. While you can verify
in the Task Manager that the nextnano tool has already finished its calculation, the job is still displayed as running
within the workflow manager nextnanomat. This main menu function call, is for that use-case only. If the option
is clicked, a query to the simulation process is sent. In case the process has exited, the simulation will be finished
and its output processed.

As this is still a beta feature, feedback on that functionality is appreciated. Contact our support team at nextnano
Help Center.
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2.4 View

m nextnanomat

File Edit FRun | View | Tools  Help

Input Ternplate j Add Mew Cutput Tab
probabilities_shift_Cu |~
leal| (£ €
CHONTRS_CB\nextna
Area

Min Maz

X -50.5

Show Qutput File as Graph

Show Output File as Text

tputh10_exciton_bindir
Update Simulation Cutput List F5

[
=
C
[ showOveray List
&
i
=

y: | -0.00511 0 Show Horizontal and Vertical Slices

Full size |global
g

[] Show data grid
L] Show Overlay
[ Hide constant val G} Zoom In: Click and Draw Rectangle
[ Legld [ Logly]
[] Log(absy)
Graph style Further Options: Right-Click on Graph
@ Aute () Line =0 S =30
() Points () Line + Points

Step Backward in History Ctrl+Left

Step Forward in History Ctrl+Right

(=)  Zoom Out: Shift-Click on Graph

Figure 2.4.1: View main menu functions

All View main menu functions are either self-explanatory or duplicate a button’s function of the Ourput tab. Please
refer to the corresponding documentation.

2.5 Tools

2.5.1 Activate license

By clicking Activate License in the Tools menu, a license activation dialog will appear. If you have troubles finding
your previously downloaded license files on your PC, you can just re-activate them. No additional licenses will be
generated, you will just receive another copy of your previously generated files. The license activation procedure
is documented here: nextnano software

2.5.2 Convert nextnano?® Input File to nextnano++
How to use this automatic conversion:
In the menu select Tools ==> Convert nextnano® input file to nextnano++

When you use the automatic conversion of nextnano® input file into nextnano++, you will find that it probably
does not work completely.

If you save and run the nextnano++ input file that has been converted and that has the suffix _nnp. in, very likely
some errors appear indicating which line(s) to change. Then some manual adjustments are needed, but the rough
structure should help a lot for the conversion.
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m nextnanomat - C\Program Files\nextnanc2025_02_1%\nextnano+ +\examples\demao\pn_junction_Gaks "

File Edit Run View | Tools | Help

Input Template  Ternpl ‘ Activate Licensze

pn_junction_GaAs_1D_nnp_de Convert nextnanc® Input File to nextnano++ (beta)

[ [
E" A L|=|'I Convert *xrml Input File to *.negf Input File (beta)

1 TEXT
2 =========== Clean Up Simulation Output Folder s========
3 Input file
4 nttps: /W Generate nextnanopy Config File | us/tutor
-: ;;;;_;—1;;;_ Generate Systemn Snapshot for Troubleshooting -;;;___;_;
7 The last rsg L0-04.
: ==========2"1"; Options... Ctrl+T s========
4 Eeferences: -

Cami memdnnet iy MPermalastr;md s Natrdi mreas s Totwradinetsd ;. ++o Dhoarsd oo =

Figure 2.5.1: Tools main menu functions

2.5.3 Convert xml Input File to negf Input File
How to use this automatic conversion:
In the menu select Tools ==> Convert *.xml Input File to .negf Input File*

This conversion allows easy adjustment of the older input file structure to the current format. Some manual adjust-
ments may be needed, but the rough structure should help a lot for the conversion.

2.5.4 Clean Up Simulation Output Folder

After some months of simulating, the output folder can get quite huge. There is a feature to conveniently clean
up the output folder with additional options, e.g. creating a backup of the input files. In the main menu, click on
Tools and select Clean Up Simulation Output Folder. The dialog can be seen in Figure 2.5.4.1. To check
multiple files at the same time, you need to select multiple files first and click on one checkbox afterwards.

2.5.5 Generate nextnanopy config file

If you want to execute a nextnano product using nextnanopy, a config file is needed. This file contains all relevant
information and paths to the licenses, nextnano executables and material database.

To make it more comfortable for you to use both nextnanomat and nextnanopy or switch to nextnanopy, you can
export the settings already stored within nextnanomat into the format needed by nextnanopy.

Taken from the nextnanopy documentation on https://github.com/nextnanopy/nextnanopy/blob/master/docs/
examples/Example0_Set_up_the_configuration.rst:

Per default the config file needs to be located at your home directory (usually C: \Users\Your_User\
.nextnanopy-config). When you import nextnanopy for the first time, it will automatically generate
the configuration file with few default parameters. If this file already exists, it will not modify it. You
can set up this configuration file only once and you do not need to worry about it anymore, except
when you renew your license or update the nextnano version.

Thus, if you want to have your custom paths as specified in nextnanomat, just export a config file using this function
and save it into your home directory. Then nextnanopy will not overwrite that file. After a new installation of a
nextnano update, you can easily update the paths for nextnanopy as well, by using this function again.

Example config file:
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Clean up simulation cutput folder - O X
Simulations in:
| C:\Users\carola.burkl. NEXTNANC\Documents\nextnanol Output
Check the simulations you want to delete: I
Simulation Size Date Duration 2
[] EPIQT2022_2D_TCW _nn3 1701 MB  24/07/2023 5:57:51 ... 00:22:23
[] 2DGaAs_EiParabolicEllipticQD_Aust... 1167 MB  24/07/2023 4:19:08 ...
1D_DUV_LED_HirayamalAP2005_EB... 1001 MB 03/2023 2:54:00 ...
D_DUV_LED_HirayamalAP 920 MBE
D_DUV_LED_Hirayamal 917 MB
2DGaAs_BiParabolicOW_3meV_Foc... 233 MB 2023 4:24:42 ...
IOT2022_20_AB_nn3 739 MB 2023 5:14
3000_melecule_cuboid_asymmetr... 435 MB
2DGaAs_BiParabolicOW_4meV_Gov... 380 MB
3DInAsGaAsODPyramid_PryorPRE1.. 351 MB
1D_quantum_tunneling_GaAs_nn3 280 MB 2
[ 1D_Gaks_conductance_nn3 279 MB  24/07/2023 3:26:11 ... 00:01:04
1 10_Gass_cenductance_nn3(1) 279 ME 12/03/2024 4:11:07 ... 00:00:48
[ 1D_Gass_conductance_nn3(2) 279MB 12/03/2024 4:28:54 ... ?
[] 1DGaAs_mobility_WalukiewiczFig2 262 MEB  24/07/2023 3:36:39 ... 00:08:05
[] 1D_Ge_GeSi_Asymmetric2Well_Ne... 236 MB  24/07/2023 3:27:15 ... 00:39:46
[] 1D_Ge_GeSi_Asymmetric2Well_Fig2... 228MEB  24/07/2023 3:26:11 ... 00:00:48 t
| T T P . WA S, | 11 O | ) ity | 770 KAD TJAMT NI 81T NNLNN.AG v P
Mote: Date and duration are based on file systern data (and might not be correct).
Keep input files by moving them to simulation cutput folder
Delete Cancel

Figure 2.5.4.1: Dialog to help clean up the simulation output folder.
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[nextnano++]

exe = C:\Program Files\nextnano\2021_12_24\nextnano++\bin 64bit\nextnano++_Intel_
—64bit.exe

license = C:\Users\homer.simpson\Documents\nextnano\License\License_nnp.lic
database = C:\Program Files\nextnano\2021_12_24\nextnano++\Syntax\database_nnp.in
outputdirectory = D:\nextnano output

threads = 3

[nextnano3]

exe = C:\Program Files\nextnano\2021_12_24\nextnano3\Intel 64bit\nextnano3_Intel_
—,64bit.exe

license = C:\Users\homer.simpson\Documents\nextnano\License\License_nnp.lic
database = C:\Program Files\nextnano\2021_12_24\nextnano3\Syntax\database_nn3.in
outputdirectory = D:\nextnano output

threads = 0
debuglevel = -1
cancel = -1
softkill = -1

[nextnano.NEGF]

exe = C:\Program Files\nextnano\2021_12_24\nextnanoNEGF_2020_06_22\nextnano.NEGF\
—nextnano.NEGF.exe

license = C:\Users\homer.simpson\Documents\nextnano\License\License_nnQCL.lic

database = C:\Program Files\nextnano\2021_12_24\nextnanoNEGF_2020_06_22\nextnano.NEGF\
—Material_Database.xml

outputdirectory = D:\nextnano output

threads = 3

[nextnano.MSB]

exe = C:\Program Files\nextnano\2021_12_24\nextnano.MSB\nextnano.MSB\x64\nextnano.MSB.
—.exe

license = C:\Users\homer.simpson\Documents\nextnano\License\License_nnMSB.lic
database = C:\Program Files\nextnano\2021_12_24\nextnano.MSB\nextnano.MSB\Materials.
—xml

outputdirectory = D:\nextnano output

debug = 0

2.5.6 Generate System Snapshot for Troubleshooting

In the menu, you can either find it under “Tools’ -> ‘Generate System Snapshot for Troubleshooting’ or under
‘Help’ -> ‘Generate Troubleshooting Snapshot’.

By clicking this function, a text file - containing most relevant information for debugging - will be created. Save
this file and send it to the nextnano Support Team to assist you.

2.6 Help

In the Help menu, information about the software and direct links to the nextnano online documentation of each
simulation tool can be found. Furthermore, there are a couple of contact possibilities listed, from our customer
support portal nextnano Help Center to our social media accounts. If you plan to contact support, the menu function
Generate System Snapshot for Troubleshooting generates a text file which you can attach to your request.
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Figure 2.6.1: Help main menu functions
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CHAPTER
THREE

SETTINGS

referred to and found in menu under Tools -> Options

3.1 Workspace

3.1.1 Simulation

A\ Warning

Including memory usage in the log file notably extends time of simulation. Therefore, this option
should be used only when necessary.

[ options X
= Workspace
Executable Windows

Executable Linux . . . .
Dataks [ owverwrite existing folder Clear folder content at simulation start
atabase

Sirmulation output folder

Output folder:  |C\D\nextnano output

License [] Include date in folder name
Preferences
Advanced Simulation options
[ Automatically start simulations, if batch list is not empty (executed locally)

[ Kill whole process tree when stopping a simulation (can lead to unresponsiveness)

[ Autornatically save log files after 10 seconds

Include in log file:

Simulation time ] Memory usage (units: MEB) O Debug information

Additional arguments passed to the executable

Command line:

OK Cancel

Figure 3.1.1.1: Settings for simulation and simulation output.

3.1.2 Executable for Windows and Linux

The paths to the nextnano tools can be specified here. Note, there are two tabs, one for the Windows and one for
the Linux executables. When installing a package, the paths are automatically set at program start. If a specific
version of a nextnano tool is downloaded, the path can be specified here. Please verify that you have the correct
nextnano tool downloaded and specified, matching your license.
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[ options X
& Werkspace nextnano++

Simulati

al Windows Path to executable file for Windows:

Executable Linux ogram Files\nextnane\2023_12_23\nextnano++\hin\nextnano++_Intel_Bdbit.exe

Database

License The nextnano++ executable can also run former nextnano.M5E input files.

Preferences
Advanced nextnano®

Path to executable file for Windows:

| matic_portable\nextnanct2025_02_2 M\ nextnano3\bin\nextnano3_Intel_&64bit.exe

nextnano.MEGF

Use the nextnano MEGF (C++) executable

Path to nextnano. MEGF (C++) executable file for Windows:

eta_portablelnextnanch2023_02_13\nextnano.NEGF\bin\n extnano.NEGF_win.exe|

OK Cancel

Figure 3.1.2.1: Settings for the Windows executables of the nextnano tools.

3.1.3 Material database

Path to the databases are prefilled at app start. If specific versions of the nextnano tools are used and downloaded
separately from nextnanomat, then paths need to be adjusted manually.

3.1.4 License

3.2 Preferences

3.2.1 Editor/Input

In the editor settings, you can customize the sytax highlighting or font of the input tab. “Tab stop distance” defines
the number of spaces a single Tab will be replaced with. Automatic replacement can be switched on by setting the
check box accordingly. Additionally, Tab replacement can be triggered via the “Edit” main menu function for a
specific input file.

3.2.2 View
3.2.3 Gnuplot export

Gnuplot can be used to export and save nextnano simulation results, see documentation: Gnuplot export.

The default settings for the Gnuplot export can be adjusted in this options tab. For example, you can specify the
line thickness, position of the legend (called key in Gnuplot) and many more.

If you want to use a stylesheet to incorporate advanced settings - like the specification of color sequence or line
styles, you can either link an existing one or create one from the default nextnano Gnuplot settings. If you create
a new one from the nextnano settings, the path to the stylesheet will be automatically updated. It is recommended
to open that file with a texteditor to get familiar with the syntax. You can then easily adapt it to your needs.
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Options % |
= Workspace nextnanos + |
Simulati
E:crg:u:alt?lr; Windows Path to nextnano++ database file:
Executable Linux |C:\P‘rogram Files\nextnano\2023_12_23\nextnano+ +\database\database_nnp.in|
License Path to nextnano. M5B database file:
Preferences |C:\Program Files\nextnano'2023_02_1%\nextnanc.MSB\Syntaxmaterials.negf | T|
Advanced h
nextnano®
1\
Path to database file:
=_no_installer_latest\nextnanot2023_12_11\nextnano3\databasze'\databaze_nn3.in
nextnano.MEGF
Path to nextnano MEGF (C++, new version) database file: ]
|0rtab|e\nactnan0\?_025_02_13\nextnanD.NEGF\database\MateriaI_Database.negf| |
Path to nextnano.NEGF_classic (C#) database file:
Apph oK Cancel

Laas

Figure 3.1.3.1: Settings for material databases.

Options

= Workspace
Simulation
Executable Windows
Executable Linux
Database

Preferences

Advanced

nextnano++ license

Path to license file:

D:\DocumentsiLicensehLicense_nnp.lic

Standard license

nextnanc® license

Path to license file:

D DocumentsiLicense\License_nn3.lic

Standard license

nextnano.MEGF license

Path to license file:

D\ DocumentshLicenselLicense_nnMNEGF lic

Standard license

Mo license file, but a license key? Activate your license now via "Tools” — "Activate License”.

Apply oK Cancel

Figure 3.1.4.1: Settings for nextnano License(s).

3.2. Preferences
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Options

H

= Workspace
Simulation
Executable Windows
Executable Linux
Database
License

| = Preferences

View
Gnuplot export
Data export

= Advanced
Performance
Expert/Debugging
Custom executable
Cluster computing info
Cluster settings

Syntax highlighting

Editor Settings

Editor font: |Courier New 10 pt

Tab stop distance: | 5|4

[ Replace Tab with spaces, while typing
Enable the auto complete feature (CTRL+5pace)

- default text - macro - string

- zero level arithretic key - variable

- first level - template key - value

- second level - comment background
- third level - cond. specifier Reset to default colors
- fourth level - cond. comment [ Disable syntax highlighting

Apply oK

Cancel

Figure 3.2.1.1: Settings for input tab.

Options

= Workspace
Simulation
Executable Windows
Executable Linux
Database
Licenze

= Preferences
Editor/Input
Gnuplot export
Data export

Advanced

Refresh plot

[] Update active output file in fixed period of |2 0.70 | seconds (if modified)

Custom color maps

Mame for color map 1:

Mame for color map 2: custom monao

Murnber of different colors: |57

Murnber of different colors: |5+ 11

Display cptions

B Bold axes

)14

Grid lines Canvas style background

[] Consider .txt files as ASCI| data

[ Increase zooming ability

Line thickness for plotting (px) Antialiasing (smoothing of step-like lines)

Apply oK Cancel
Figure 3.2.2.1: Settings for output tab and graph style.
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[ options x
= Workspace Diagram settings

Simulation Line thickness (px): |53 Border thickness (px): |72

Executable Windows

Executable Linux Legend

Database Enabled [] Boxed Fontsize: 51110

License - - -
= Preferences Position: |R|ght V| | v| |In5|de d

Editor/Input

View

Font: ibri
on Calibri, 18 pt
Data export () Subscript ("enhanced") (@) Superscript ("noenhanced")

Advanced
Show dialog to set custom title and axis labels when exporting 10 files

Stylesheet (contains general settings for Gnuplot file)
(C) Write style settings to each gnuplot file @ Insert link only

Path to stylesheet: _METE\nextnanomat\bin\x64\scripts\style_sheet_nextnano.plt

Create new stylesheet

OK Cancel

Figure 3.2.3.1: Settings for Gnuplot export and graph style.

Advantages of using a stylesheet
¢ Central, single file with your settings for plotting Gnuplot plots
 Use of links and variables (linking to the stylesheet) within the plot files
* Adjust settings at one place and automatically get the changes for all your plots
* Great for publications to achieve uniform style with possibility for last minute changes

To use a central stylesheet, select the checkbox Insert link only.

© Note

You can create multiple stylesheets for different purposes. Set the path within Gnuplot settings to the one you
want to use for new plots generated by nextnanomat.

3.2.4 Data export

write the path to the ParaView executable in your computer,
e.g. C:\Program Files\ParaView 5.6.0-Windows-msvc2015-64bif\bin\paraview.exe

These customizable data export software can be used to conveniently export data from the output tab. How to
use: Click on the export option in the output tab and the currently displayed file will be opened with the specified
software.
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m Options

Workspace

= Preferences
Editor/Input
View
Gnuplot export

Data export

Advanced

To export and open files directly from cutput tab, you can specify software here,

Visualization Tool - custom

Specify your favorite Visualization Tool.  (All formats)

Installation path: |

Text Editor - custom

Specify your faverite Text Editor.  (All formats)

Installation path: C\Program Files (x86)\Notepad++\notepad++.exe

Paraview

Result files of 2D and 3D simulations can be exported to Paraview.  (Only *.vir format)

Installation path: |C:\Program Files\ParaView 5.6.0-Windows-msve201 5—54bit\b|

Postprocessing via Python scripts

CMD executable: |C:\Windows\SystemBE\cmd.ace |

Apph oK Cancel
Figure 3.2.4.1: Settings for data export.
COptions
Workspace System info
Preferences PC-Name, RAM: NN-GAMMA, 16 GB
=l Advanced Processor Counts (Physical Cores): 4
Processor Counts (Logical Cores): 4
Expert/Debugging Processor: Intel(R) Core(TM) i53-4460 CPU @ 3.20GHz
Custom executable Intel6d Family & Model &0 Stepping 3, Genuinelntel
Cluster computing info Pert "
Cluster settings erformance options
Reserve one core for nextnanomat and system processes
® Minirmum impact
(O High performance for a single job
(O High performance for |4 - | parallel job(s)
(O) Customized performance options (Advanced)
Active Setting:
Running a single job, with a single thread, on low process pricrity.
App oK Cancel

Figure 3.3.1.1: Settings for simulation performance.
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Options *
Workspace

Show and allow experimental and expert features
Preferences

= Advanced

Performance
Expert/Debugging ChlUszershcarola. burkl NEXTHNANOVAppDatat L ocalinextnano GmbH\nextnanomat'3.1.7.0

Ternp data
Local user AppData path:

Custom executable :
Cluster computing info Decimal symbol
Cluster settings (® Always use point *.' as separater (nextnano standard)

() As specified in current region settings

Tolerance to consider consecutive datapoints equal 1.0E-7

These settings are primarily intended for nextnano software developers.

[ Replace simulation output files by their checksumn

[] Automatically cancel simulations after Iil minutes

kill softkill (supported by nextnano++ and nextnanc®)

[ Usea copy of the nextnano executable for the simulation (nn3 and nn.M5B)

Do not delete copy of executable after simulation

Apply oK Cancel
Figure 3.3.2.1: Settings for advanced user experience and debugging.

(@] optiens x
Waorkspace Settings necessary for execution
Preferences
= Advanced Path to executable file: acutablesForTesting\custom\HeIIoWorld.exe|

Performance i

Expert/Debugging Path to database file: ||‘cpt|cnaIJ |

.

Cluster computing info Path to folder with additional files: [(0Ftional |

Cluster settings . . . .
g In case of cluster computing, this folder and all subfolders will be copied next to executable.

Make sure all relative paths match your required folder structure.

Working directory Keyword to identify input file
() Mext to executable {local) U HelloWorld
(® Output folder (local, HTCendor) Uszed by nextnanomat to assign the correct

executable for the simulation

Additional arguments

HTConder cutput to transfer: | |

Command line args:  [Jse SINPUTFILE to insert name at a certain position... |

Applh oK Cancel

Figure 3.3.3.1: Settings for custom executable.

3.3. Advanced 41



nextnanomat Documentation, Release 5.6.4.6

3.3 Advanced

3.3.1 Performance
3.3.2 Expert/Debugging
3.3.3 Custom executable

In the settigs shown in Figure 3.3.3.1 a custom executable can be defined, to be executed by the workflow manager
nextnanomat.

© Note

This is no default use-case for nextnanomat and should only be used by advanced users. Additionally, as it is
a nice-to-have feature only, support regarding this feature is limited.

Most executables which can be started by command line, can be started by nextnanomat. This allows the usage of
the batch list for polling and job execution control, as well as the visualization of output results (if the format is
supported) or comfortable editing of input files. In many cases a combination with our cluster computing feature
HTCondor is possible.

After defining the path to the executable as well as the working directory, a keyword identifier is necessary.

In case your executable needs input files:
You need to find a common string within these files, thus nextnanomat can choose the correct executable for
each job execution.

In case your executable does not need input files:
You still need to create some dummy files as placeholder or job submission files. The keyword can be
arbitrary.

For example the HelloWorld executable (see Figure 3.3.3.1), which is executing a fixed script independent of input
variables, can be started by submission of a text file containing HelloWorld. This enables the workflow manager
nextnanomat to start and monitor the execution and to collect the results.

Optionally a path to a folder structure or the database can be defined, if the executable needs additional files dur-
ing execution. Specific command line arguments can be added at the bottom of this settings tab. The variable
$INPUTFILE will insert the filename of the actual input file at the specified position of the command line argu-
ments.

If it does not work as wished for, we recommend to switch the flag output additional debug info on (Expert
Seetings). The log then contains the command line arguments nextnanomat uses to start the application. Thus
allows you to debug easily.

Example: How to run TiberCAD from nextnanomat

To run TiberCAD you need to finish its installation and put your TiberCAD license file into the respective folder.
Move the example or your personal input files to a folder with write permission. Choose the following settings in
the custom executable tab, Figure 3.3.3.2:

© Note

A special folder has to be created, which contains all input .#ib, geometry .geo and mesh .msh files on the same
hierarchy level. The path to that folder needs to specified in the settings for the custom executable.

This enables the editing - including syntax highlighting - of the input files within nextnanomat. And furthermore
the parallel execution of input files (see Figure 3.3.3.3) and visualization of the output.
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Figure 3.3.3.3: Parallel execution of TiberCAD files by the nextnanomat Job Manager.

nextnanomat —
File Edit Run View Teols Help
I it
o= Options X
Workspace Settings necessary for execution
Preferences |
o Advanced Path to exccutable file: [gram Fies (36) Therl ABberCAD thbercad ere] 2(
Performance N
Expert/Debugging Path to database file: [oPtional) |
Custom executsble
x Cluster computing info Path to falder with additional iles; [NEXTNANO'\Documents\TiberCAD Al Exampls|
d Cluster setti
7 ustersettings In case of cluster computing, this folder and all subfolders will be copied next to executable.
Ful Make sure al relative paths match your required folder structure. —r
&
[ shor Working directory Keyword to identify inputfile T
[ sho © Nextto executable (local) - ‘mashh\d
0 Hidd @ Output folder (local, HTConder) Used by nextnanomat to assign the correct
Colors | executable for the simulation
Viridis
Additionsl arguments
HTCondor output to transfer: | =
60
A Command ine args: b SINPUTFLE | B
[ Autof
Simula ct
0o App! oK Concel | [
(71 2DGaN nanowire nn3 nnp ksecond A TT = bias 000 w11

Figure 3.3.3.2: Settings to run TiberCAD as a custom executable.

Fie [Edit | Run View Tools Help

Simulation  Qutput

Input Template ~ Template (Beta)

@@ R

|® 06|

g

Job number  Input fie Start time Status Host
1 quantum_paisson fib 19:20:17 done Local
2 bit tib 19:36:46 running (1) Local
3 builk tib 19:36:47 dane Local
4 bulk_aNPD tib 19.36:47 ERROR Local
5 diode_" Db 19:36:47 unning (4) Local
(3 DSC tib 19:36:48 running (3) Local
7 InAs_qwtib

3.3. Advanced
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CHAPTER
FOUR

COLOR MAPS

On this page you will find some background information about scientific visualization of data. Additionally, the
color map choices and customization options of the nextnano software are explained. The references and sources
used to generate these maps can be found in the last section.

4.1 Introduction

Color maps for scientific software need to intuitively represent data without visual distortion.

4.2 Implementation

4.3 References
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CHAPTER
FIVE

EXPORT FUNCTIONALITIES

5.1 Exporting to ParaView

ParaView is a free graphing utility specialized for 2D and 3D visualization. It can be downloaded from here:
ParaView To be able to export results in nextnanomat directly to ParaView specify the Executable file in Tools -
Options:

5.1.1 Setting Up nextnanomat

For the exercises we will require two different settings in nextnanomat (our user interface).

Direct Exporting

The first setting is the simplest one and it is used to open the selected .vtr file in nextnanomat into ParaView. It
will require to follow the next steps:

1. In the menu bar of nextnanomat, click on Tools :math: \Rightarrow™ Options :math: "\
Rightarrow™ Data Export

2. Provide the path of the executable of ParaView in your computer in the field ParaView installation
path (e.g. C:Program FilesParaView 5.11.1binparaview.exe ).

3. Click OK

e In Data export, write the path to the ParaView executable in your computer, e.g. C:\\Program Files\\
ParaView 5.6.0-Windows-msvc2015-64bit\\bin\\paraview.exe

Exporting with Python Scripts

The second setting is used for launching ParaView through Python scripts. As we will see in the next examples,
this is very useful for post-processing several input files, including setting up overlayed plots. For this setting it
will be require to follow the same steps as before, but not including the path of the executable of a terminal window
(cmd.exe for Windows, as example) in the field Python executable file.

Figure 5.1.1.1 presents the final result provided the required information.

Installing the Python scripts in your Computer

Copy the three python scripts shown above in a folder and create an empty file called __inir__.py. This last file is
required in order Gui5.py be identified as a package by Python.

A more powerful resource in the integration of nextnano and ParaView is the possibility to incorporate Python
scripts in the post-processing of the simulation data. For performing the next exercises, we will use the second
setting described above, where ParaView will be called from a command line in a terminal application (for example,
C:Program Filescmd.exe in Windows).

Actually, we will make use of three scripts:

* Paraview_postprocessing.py, that contains all post-processing tasks to be performed on each file exported
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[ options X—|

Workspace

= Preferences
Editer/Input
View Specify your favorite Visualization Tool.  (All formats)

To export and open files directly from cutput tab, you can specify software here,

Visualization Tool - custom

Gnuplot export

Installation path: |
Data export

Advanced

Text Editor - custom

Specify your faverite Text Editor.  (All formats)

Installation path: C\Program Files (x86)\Notepad++\notepad++.exe

Paraview

Result files of 2D and 3D simulations can be exported to Paraview.  (Only *.vir format)

Installation path: |‘-.Prc-gram Files\ParaView 5.7.0-Windows-Python2. 7-msvc 201 5—54b'r||

Postprocessing via Python scripts

CMD executable: |C:\Windows\S}rstern}E\cmd.ae |

{ QK Cancel |

N —

Figure 5.1.1.1: Required settings for exporting .vtr files from nextnanomat to ParaView in this tutorial. This menu is

accessed clicking in Tools :math: \Rightarrow™ Options :math: \Rightarrow™ Data Export, within
nextnanomat.

* dialog_window.py, that will capture information of nextnanomat and to launch a new window for selecting
files to be exported, and predefine some global properties of the plots. It is the actually the one that will
launch ParaView and the post-processing script.

* Gui_5.py, is a simple script for generating the window for selecting files, described before. In order to be
recognized as a package to be imported by the previous script, it is required to create an empty file called
__init__.py in the same folder where this script will be stored.

Copy them in on your computer. All scripts shall be stored in the same directory.

5.1.2 Direct Export
1. Specify path to ParaView in Tools - Options if you have not done so before
2. Select a 3D .vtr file of the simulation output folder and click on the Export and open in specific

format button. . . .
hoose Open File with ParaView ( ParaView will open automatically.)

3. Within ParaView:
a. (The selected file should be highlighted automatically.) Click on Apply.
b. Other settings:
I. Representation: Surface

II. Cell/Point Array Status: Choose the array to be displayed. For example, one can display the file

bandedges.vtr and choose the array Gamma that corresponds to the Gamma conduction band.
Click on Apply.

III. Coloring: Choose the array to be displayed. (Gamma, for example)

Now you can play with the tool. Rotating, changing opacity and adding filters. ParaView is a very rich tool, hence
it requires some time to explore all its capabilities. We recommend investing some time to learn about its filters:
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* First, the file should be highlighted and then click on Filter = Alphabetical.
Some interesting ones are:
— Edit cells by region
— Calculator
— Contour

Using File = Save State, the values of all variables can be stored on your PC. These states can be reloaded,
which is useful for the generation of scripts.

For further information, we recommend a good tutorial from TACC.

When to use: This single-click-procedure is very convenient when we want to load a single file in the Pipeline
Browser of ParaView. Having already experience with this tool it will require some basic steps to display the data
on the screen of this platform.

5.1.3 Exporting 2D Outputs with Python Scripts
Input Files:

e 2DQuantumCorral_nnp.nnp from the tutorial about Electron wave functions in a cylin-
drical well (2D Quantum Corral) of nextnano++.

Scope of the tutorial:
* Export 2D vtr files from nextnanomat to ParaView
* Choosing predefined filters in ParaView
* Preset of some parameters for the plots
* Defining overlay files
* Dealing with files with mixed units
Introduced Keywords:
e output{ format2D }
e output{ format3D }
Relevant output Files:
* \bias_00000\bandedges.vtr
* \bias_00000\Quantum\probabilities_quantum_region_Gamma_.vtr
* \bias_00000\Quantum\probabilities_shift _quantum_region_Gamma.vtr
Scripts:
* nn_ParaView_Integration.py
* nn_ParaView_GUIpy
* nn_ParaView_Plotter.py

ParaView supports the use of Python scripts for loading and displaying objects in its Pipeline Browser. In the
next tutorials we will present how to perform this integration using nextnano.

Our scripts come to assist not only to load the results of the simulations in this platform, but also allow to preset
the application of some filters and some global settings even before launching the program.

e Setting up nextnanomat for exporting .vtr files using Python scripts

e Scripts and files of this tutorial
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e Single plot
— In nextnanomat
— In the Integration GUI
— In ParaView

* Plot with overlay

— In nextnanomat

In Integration GUI

In ParaView

Changing Scale Factor of warped files of shifted probability density

Changing Scale Factor of warped files of the band edges overlayed with shifted probability density

Setting up nextnanomat for exporting .vtr files using Python scripts
In order to load files in ParaView through Python scripts from nextnanomat it will require the following settings:
1. In the menu bar of nextnanomat, click on Tools >> Options >> Data Export

2. Provide the path of the executable of ParaView in your computer in the field Paraview
installation path (e.g. C:\Program Files\ParaView 5.11.1\bin\paraview.exe ).

3. Provide the path of the executable of a terminal window in the field Python executable file
(e.g. C:Windows\System32\cmd.exe ).

4. Click on OK

Figure 5.1.3.1 presents the final result provided the required information.

(@) options *
Workspace

To export and open files directly from ocutput tab, you can specify software here.
= Preferences

Visualization Tool - custem

Editor/Input
View Specify your faverite Visualization Tool. (Al formats)
Gnuplot export Installation path: |

Advanced
Text Editor - custom

Specify your favorite Text Editor. (Al formats)

Installation path: |C:\Program Files (x86)\Notepad++\notepad++.exe

Paraview

Result files of 20 and 30 simulations can be exported to Paraview.  (COnly *wvtr format)

Installation path: |\Program Files'\ParaView E.T.DLWindows—PythonZ?msch‘D'IEr'Enib'rI|

Postprocessing via Python scripts

CMD executable: |C:\Wiﬂdows\S}rstemEE\cmd.exe |

Apply oK Cancel

Figure 5.1.3.1: Settings in nextnanomat for launching ParaView using Python scripts

These scripts are very useful for post-processing several data files, specially for setting up overlayed plots as we
will see below.
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Scripts and files of this tutorial

In the nextnano package you will find all necessary files we will use in this tutorial. The scripts for the integration
are in the folder Scripts\ParaView.

The first ( nn_ParaView_Integration.py ) captures information of nextnanomat and launches the graphical user
interface shown in Figure 5.1.3.2 using the script nn_ParaView_GULpy. After pressing the Launch ParaView
button, the script nn_ParaView_Plotter is copied to the simulation folder and modified with all information cap-
tured in the user interface. Automatically nextnanomat will launch ParaView.

nexnano A Name
20230512

nn_ParaView_Plotter

Sample files nn_ParaView_GUI

ipts ¢ nextnano - Paraview ntegraion
Rl

‘ n) nextnano Paraview integration

Plot settings Choose all files to be plotted

C/TESTCASE/2DQuant I_nnp/bias

% WARP

I~ OVERLAY

I opaciTY
22

% CAMERAVIEW UP Y GITESTCASE/20Q

™ MAXIMUM NUMBER DATASETs | C/TESTCASE/2DQ

nn_ParaView_|ntegration

C/TESTCASE/2DS

. chift_quantun_region_Gamma.tr

C/TESTCASE/2D0: e

Color Scheme

& Single color (green) L -
7 aunch Paraview'
ParaView  Palette Rsinbow Uniform)

Figure 5.1.3.2: Scripts for integration of nextnanomat and ParaView and the interations between the components.

ParaView supports the use of Python scripts for loading and displaying objects in its Pipeline Browser. In the
next topics, we will illustrate some examples how this can be done.

The input file 2DQuantumCorral_nnp.in used in this tutorial can be found in the folder \Sample files\nextnano++
sample Files within the nextnano package. This corresponds to a two-dimensional simulation and, for now, we are
interested in the results of the quantum computations.

In the section output{ } of the input file we can specify the format of these files whose default is
AvsBinary_one_file, for the case of the 2D and 3D plots, because being less memory demanding that the
other available options. Nevertheless, ParaView does not support this format. In this way, for exporting files from
nextnano into ParaView it is required that the results be coded as VTK file. For this reason it is important to specify
in the input file

[“formatZD = VTKAscii (for 2D plots) }

or

[“formatBD = VTKAscii (for 3D plots) }

as we can observe in the example.

For making our discussion more interesting we will modify the input file 2DQuantumCorral_nnp.in reducing some
dimensions, and adding more information about the band edges, as illustrated below.

~

$RADIUS_CORE = 4.0 # Core.
—radius
$RADIUS_SHELL = 6.0 #.

—Shell radius

$GRID_SPACING1 = 0.5 #.
— (DoNotShowInUserInterface)
$GRID_SPACING2 = 0.5 #.

(continues on next page)
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(continued from previous page)

< (DoNotShowInUserInterface)

$GRID_SPACING3 = 0.5 / 3 #.
— (DoNotShowInUserInterface)

ettt ettt #

o #

# derived parameters #

e o e e #

$START_x = $CENTER_x - $RADIUS_SHELL - 1.0 #.

< (DoNotShowInUserInterface)

$START_y = $CENTER_y - $RADIUS_SHELL - 1.0 #.
<> (DoNotShowInUserInterface)

$END_x = $CENTER_x + $RADIUS_SHELL + 1.0 #.
— (DoNotShowInUserInterface)

$END_y = $CENTER_y + $RADIUS_SHELL + 1.0 #.

— (DoNotShowInUserInterface)

classical{
Gamma{}
HH{}
LH{}
So{}
output_bandedges{}

Let us simulate the modified input file using nextnanomat and observe the results in the output folder. Suppose
that we are interested to plot the file probabilities_quantum_region_Gamma_.vtr " present in the Quantum folder.
It represents the probability density of several states of our device. Selecting the plots in the menu at the bottom
right corner of nextnanomat we can display the beautiful set of patterns for this geometry. Let us choose one of
them — the plot PsiA2_14, as example.

After that, the whole file (not only the selected plot) will be loaded in the Pipeline Browser of ParaView, but no
other task will be performed. This is what we called before as the direct method. Let us see how we can improve
this integration.

Now select the file to be exported (a .vtr file), click in the icon Export and Open in specific Format and
select Open File with Paraview, as shown in Figure 5.1.3.3.

After that the whole file (not only the selected plot) will be loaded in the Pipeline Browser of Paraview, but no
other task will be performed. This is what we called before as the direct method. Let us see how we can improve
this integration.

Single plot

Now let us check how the integration is performed using these scripts.

In nexthanomat

Let us return to nextnanomat and select some .vtr file as we did it before (\Quan-
tum\probabilities_quantum_region_Gamma.vtr). Click on the icon Export and Open in specific Format
and select Call Python Postprocessing scripts, as shown in Figure 5.1.3.4. Within the \Scripts\ParaView
folder in the nextnano package select the script nn_ParaView_Integration.py.

In the Integration GUI

A new panel will be opened with a list of all .vtr files of the simulation folder. By default, the selected item in
the list of files to be plotted corresponds to the file that was initially selected in nextnanomat when launching the
Python script. For deselecting it, click once on its file name. At least one file must be chosen in order to open
ParaView. For selecting more than one file, just click on it ( not need to press the CTRL key).
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mnextnannmat
File Edit PRun View Tocols Help

Input Template  Template (Beta)  Simulation  Output
wf_probabilities_quantum_region_Gamma_0000.wtr

r ' | _A
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ChMnextnano cutput\2DCua
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Create and Open Gnuplot File (*.plt) from ltems of Overlay ey
Create and Open Gnuplot File (*.plt) of Visible Graphs

Export visible graphs via Gnuplot and save as SVG file
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(] Show data grid Open File with custom Text Editor

L] Show Qverlay
[] Hide constant values

Open file with custoem Visualization Tool

Call Python Postprocessing Scripts

Colors
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Figure 5.1.3.3: Button for exporting datafiles to ParaView using the direct method.

mnextnannmat
File Edit PRun View Tocols Help

Input Template  Template (Beta)  Simulation  Output
wf_probabilities_quantum_region_Gamma_0000.wtr
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ChMnextnano cutput\2DCua

Create and Open Gnuplot File (*.plt) from ltems of Overlay s
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Min Max IE Create and Open Gnuplot File (*.plt) of Visible Graphs
* 70 0 7z,  Exportvisible graphs via Gnuplot and save as SVG file
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I Open File with Paraview
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[] Show data grid Open File with customn Text Editor
L] Show Overlay Open file with custom Visualization Tool

[] Hide constant values

Call Python Postprocessing Scripts
[ Colors
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Figure 5.1.3.4: Button in nextnanomat for exporting datafiles to ParaView using Python Scripts.
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At the left of this window you can find some plot settings that can be chosen, and they correspond to general
settings. In another words: all selected files to be plotted will be affected by these general settings.

Instead of describing all these settings one by one in this section of the tutorial, it is more convenient to introduce
them with practical examples. Let us start with a simple transformation ( in ParaView usually called Filter) on
the original 2D plots. We will select WARP in the menu for creating a 3D plot, where the third axis corresponds to
probability density at each (x,y) position of the plane. Additionally, we will select OPACITY and Single color
as color scheme. Click on the button Launch ParaView. The final result of applying these settings is shown in
Figure 5.1.3.5.

\ n} nextnano Paraview integration

Plot settings Choose all files to be plotted

C/TESTCASE/2DQuantumCorral_nnpbias. 00000/ bandedges vir
¥ WARP

™ OVERLAY
CTESTC

¥ opACTY
> CYTESTCASE/2DQuar

TR CTESTCASE/2DQuar
- CTESTC)

Color Scheme

@ Single color (green)

Launch Paraview

€ Palette (Rainbow Uniform)

Figure 5.1.3.5: Settings in Graphical user interface for integration of nextnanomat and ParaView for the case of
single plot.

In ParaView

Now we can observe a larger number of plots is presented in the Pipeline Browser. The first object has the
same name of the absolute path of the file plotted. Below it, each column (dataset) of the file is plotted with
corresponding sequence of post-processing tasks and settings defined previously in the interface.

As we can see in the next images, they were plotted in a single color and semi-transparent.

The Figure 5.1.3.6 we can observe that for this example, where the option WARP was selected, the original 2D repre-
sentation for this probability density function (PsiA2_1(nm*-2),Psi*2_2(nmA-2),...) will be presented in col-
ors, while its “warped” version ( PsiA2_1_warped, PsiA2_2_warped.,...) will be displayed as semi-transparent
surfaces.

The warped objects are the result of applying the WarpByScalar filter of ParaView to each component, that con-
verts 2D functions in a 3D representation, where the third axis, in this case, corresponds to the value of probability
density at each (x,y) in the plane.

The Scale Factor used for the warped plot is estimated by the script, and it can be dynamically changed within
ParaView, moving the corresponding slider in the Properties tab or filling a numeric value in front of it. Let
us try Choosing in ParaView some of the warped files, write the number 300 after the slider, and press the button
Apply. Looking at the other warped plots of this file, you will observe that this change was applied also to them.
This is an important feature implemented by our script and only applies to the Scale Factor. Figure 5.1.3.7
shows one example how the interconnection of the components react when the Scale Factor of any component
is changed.

Looking at the Information tab under the Pipeline Browser of ParaView ( Figure 5.1.3.8 ) see a larger number
of datasets was actually exported, but only 8 are displayed. This is because we limited to a maximum of datasets to
be displayed through the variable MAXTMUM_NUMBER_DATASETS as default in the nn_ParaView_Plotter script. This
limitation is used to avoid data explosion in ParaView. Nevertheless, this number can be changed by modifying
the value of MAXIMUM_NUMBER_DATASETS in the user interface for nextnano-ParaView integration, as we will do
in the next section.

© Hint

The presets captured in the user interface for integration ( Figure 5.1.3.5 ) aims to automate the configuration
of each object to be displayed in the Pipeline Browser. Nevertheless they can be dynamically changed in
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Figure 5.1.3.6: Organization of the files in the Pipeline Browser of ParaView. The imported datafile is registered
with the absolute path of the file. For each component of the datafile, the 2D map and the warped version are
presented. Highlighted in orange is the value estimated for the Scale Factor for the WarpByScalar filter.
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Figure 5.1.3.7: The first three lower probability density functions of electrons in the Gamma band using two
different scale factors in the WapByScalar filter in ParaView. The scale factors of the objects of the same datafile
are connected: changing the value in one component will automatically update the Scale Factor of the other
warped plots.

this platform. Figure 5.1.3.8 shows two examples of plot controls that can be used to active and desactivate
plots ( the eyeball ) and to adjust the camera for a plot with perfect alignment of the plot to the z-axis.

Clicking on the eyeballs in ParaView, each component can be activated or hidden individually. In Figure 5.1.3.10
the eight lowest probability functions for the electrons in the Gamma band are displayed.

Hint

Use semi-transparent surfaces for displaying superposition of two or more states, as presented in Figure 5.1.3.11

When to use the single plot method: This method is ideal for the case you want to export a single plot, using
the standard parameters and/or simple filters of the script. In this example we need only one click for requesting
the WarpByScalar filter and another to launch the tool. When not changing any plot setting, no other clicks are
necessary.

Plot with overlay

Displaying overlayed images represents a powerful feature in nextnanomat. Our script for integration is capable to
setup all ressources to reproduce overlay of warped-3D plots also in ParaView. We will demonstrate how to do it
plotting the file \Quantum\probabilities_shift_quantum_region_Gamma.vtr overlayed with the bandedges.vtr.

In nextnanomat

We will repeat the same procedure as before following the next steps:
* select a .vtr file of the simulation within nextnanomat

e click on the icon Export and Open in specific Format and select Call Python Postprocessing
scripts

56 Chapter 5. Export Functionalities



nextnanomat Documentation, Release 5.6.4.6

*

Properties

!;] C:\Usersimaria. figueira\Desktop\ParaviewI\TESTCASE 2D QuantumCorral_nnp_2023
Brsic2_1 (nm~-2)
ﬁ Psi*2_1_warped
[:‘_1 Pzi~2_2 (nm~-2)

E®Dcin7 7 warnad

Information

File Properties

Information

& X

i =)
\nga)

Data Grouping

A
\nja)

Data Statistics

Type

# of Points
Memary:

Bounds

Extents

Structured (Curvilinear) Grid
#ofCels 4,095

4,225 (float)
1.41016 MB
-7 to 7 {delta: 14)

7 to 7 (delta: 14)
0 to 6.58729 (delta: 6.58729)

1 to 65 (dimension: 65)

1 to 65 (dimension: 65)

1 to 1 {dimension: 1)

Data Arrays

Mame
Psit2_21[nm# -2
Psi®2_22[nm*-2]
Psi®2_23[nm*-2]
Psit2_24[nm*-2]
Psit2_25[nm* -2
Psi*2_26[nm*-2]
Psi®2_27[nm*-2]
Psit2_28[nm*-2]
Psi*2_29[nm* -2
Psi*2_2[nm*-2]
Psi*2_30[nm*-2]
Psit2_31[nm*-2]
Psit2_32[nm* -2
Psi*2_33[nm*-2]
Psi®2_34[nm*-2]
Psit2_35[nm*-2]
Psi*2_36[nm* -2
Psi*2_37[nm*-2]
Psi*2_33[nm*-2]
Psit2_39[nm*-2]
Psi*2 3[nm*-2]
Psi*2_40[nm*-2]

Type
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double

Ranges

[1.12504452893e-45, 0.0521971753169]
[1.64910405871e-45, 0.0376535496281]
[2.7218851091e-45, 0.0421839532336]
[1.36451244305e-47, 0.0362332552348]
[4.5625458886e-46, 0.040738932819]
[1.497482473e-46, 0.05172482644562]
[1.61346445023e-46, 0.0540365791696]
[1.98379450041e-44, 0.0507330500907]
[1.02642990798e-46, 0.0507330500907]
[3.77956349504e-50, 0.0529303593144]
[1.53311814083e-44, 0.1304927475691]
[3.67834581776e-45, 0.0458533233099]
[7.05003589973e-46, 0.0453533233009]
[4.5726581301e-46, 0.0437816323608]
[4.37868627337e-46, 0.0447216136196]
[9.20301263812e-44, 0.047762223644]
[9.382054588098.-43, 0.047762223644]
[2.27584640834e-44, 0.0411673095391]
[2.9558142305%e-44, 0.040565201563]
[2.32642143109e-38, 0.0518373102741]
[2.13752507036e-46, 0.0529303593144]
[2.38744627005e-46, 0.051837310274]

Figure 5.1.3.8: Information tab in ParaView showing the all sets within the datafile. For avoiding data explosion,
only a reduced number were actually processed setting the variable MAXIMUM_NUMBER_DATASETS to 8 in the Python

scripts.
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Figure 5.1.3.9: Plot controls in ParaView for selection of the component to be displayed (eyeball) and adjust of the
camera. Moving the slider of Scale Factor the height of the peaks can be modified.
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Figure 5.1.3.10: Probability density function of the first lower states of the electrons in the Gamma band.
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Figure 5.1.3.11: Use of semi-transparent surfaces is advantageous for comparing two functions, as in this example.

* select the script nn_ParaView_integration.py

* select the file: \Quantum\probabilities_shift_quantum_region_Gamma.vtr

In Integration GUI

This time we will make the following selections:
e MAXTMUM_NUMBER_DATASETS and the number 5 (The box shall be checked in order to capture this number)
* WARP
e OVERLAY
e Color scheme: Palette

Once the option OVERLAY is checked, a list of .vtr files is displayed. Choose, for this example, the file
\bias_00000\bandedges.vtr. In this current implementation only one file shall be selected as overlay. Press the
button Launch ParaView. Figure 5.1.3.12 shows the final configuration.

i/

[N)  nextnano Paraview integration

Plot settings Choose all files to be plotted

C/TESTCASE/2DQuantumCorralnnp/bias_00000/bandedges.vtr
¥ WARP
CTESTC

p/biss . quantum_region_Gamma_tr
% OVERLAY.

I~ opacTY
— C/TESTCASE/2DQuantur

(| G TR CTESTCASE/2DQuantur
w CTESTC

5

Color Scheme

€ Single color (green) Choose file for overlay

@ Palette (Reinbow Uriform)

CTESTC

- quantum_region_Gamma_tr

CTESTC

 shift_quantum_region_Gamma.tr
C/TESTCASE/2DQuant
C/TESTCASE/20Quant

CTESTCASE/2DQuantur

Launch Paraview

Figure 5.1.3.12: Settings in Graphical user interface for integration of nextnanomat and ParaView for the case of
overlayed plots.

In ParaView

After the message END OF THE POST-PROCESSING SCRIPT is displayed in ParaView, we will observe that two
group of files are presented: the one corresponding to the overlay ( the band edges ) and the other the main plot
(shifted probabilities). Now only 5 components are shown for each file.
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Once again the 2D plots were warped ( option WARP ). Now they are presented using the Rainbow Uniform palette
and they are not longer with the Z-axis aligned vertically. With a simple click in ParaView, they can be realigned
vertically as we can see in Figure 5.1.3.13.

Set view direction to +Y

Al i A

rl

Figure 5.1.3.13: Plot of the first five lowest probability density functions. Clicking on the +Y button in ParaView
they can be realigned vertically

The warped plots of the overlay files are always shown at the top of the pipeline as a semi-transparent surface using
a different palette. The only exception opaque surface for the overlay corresponds to the electron and hole Fermi
levels ( see Figure 5.1.3.14 ).

All band edges Conduction band
(Gamma band)

electron
Fermi level

Figure 5.1.3.14: Overlay files are always plotted using a different palette and using semi-transparent surfaces. The
Fermi levels are plotted as opaque surface.

Now let us discuss in more detail the second group of plots concerning the “shifted” wave functions ( actually
probability densities ). Looking at the tab Information under the Pipeline Browser we will observe that
actually we have in total 40 columns about the eigenvalues and 40 columns about the shifted wave functions.
Nevertheless, in the pipeline we observe that only the 5 shifted wave functions are plotted. In another words, the
eigenvalues are not considered as dataset for this specific kind of file.

Changing Scale Factor of warped files of shifted probability density

The file related with the shifted probability densities requires an special care, because each component correspond
to the combination of two different informations: the probability density ( in unit of nm”-2 in the case of 2D
simulations) and the shift of this function by the corresponding eigenvalue (in unit of eV), as shown in Figure
5.1.3.15. When overlayed with any file whose unit is energy, these components shall be plotted in the same scale as
the overlay plot, independent of the scalar factor in the warp transformation of part corresponding to the probability
density.

Similar to the case of a single plot, all components of this datafile present the Scale Factor for the warped
file interconnected. Then, changing the Scale Factor of one component of the datafile ( probabilities_shift ), will
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Figure 5.1.3.15: Probability density functions shifted corresponds to the sum of the probability function and its
corresponding eigenvalue. For representing correctly when overlayed with the band edges, the warped version shall
translate the basis of this plot by the corresponding eigenvalue.

change the height of each function, but will not shift the eigenvalue energy ( the base of the plot ), as shown in the
Figure 5.1.3.16

As demonstration, click on the component Psi*2_1_warped, and change the Scale Factor. As we mentioned,
you will observe that the bases does not change.

Changing Scale Factor of warped files of the band edges overlayed with shifted probability den-
sity

Neverthless, changing the Scale Factor of the overlay file ( the band edges in this case ), whose by default is
1.0, does not affect the plot of the shifted probability densities. This is expected because components of different
datafiles are not interconnected. In this case, it is necessary to change the energy scale used in the plot of the shifted
probabilities. This is done multiplying all the values of translation in the warped file of the shifted probabilites
by the new factor of the overlay Scale Factor.

As example, let us change the Scale Factor of the overlay_bandedge_gamma_warped by 0.1. Then for
the correct overlay with the shifted probabilities we will require to multiply the translation value by 0.1, for
Psi"2_1_warped, Psi®2_2_warped, and so on. This is illustrated in Figure 5.1.3.17.

There are a couple of another situations where a similar procedure is necessary and not all of the possible com-
binations are implemented in our script. ParaView provide several other ressources to make the interconnection
among the objects of the Pipeline Browser. Use the current script as an example how to implement this kind
of associations, and feel free to explore another possibilities when creating your own script.

© Hint

The warped plots uses a general setting of the camera that it is not universal, and may not be ideal for all plots.
This can be easily fixed clicking on the Reset Camera button within ParaView or interacting with the plot in
this platform.

A Warning

As discussed above, files with mixed units will require special attention when overlayed with another files. Be
aware to adjust the components properly.

When to use the overlayed plot method: This method is ideal for the case you want to superpose information of
two files with different information. In the case of plotting probabilities_shift files overlayed with bandedges the
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Figure 5.1.3.16: Probability density functions shifted by their corresponding eigenvalues. Changing the Scale
Function of the warped plots of one component will shift the height of the plots, but not the base of them.
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Figure 5.1.3.17: Probability density functions shifted by their corresponding eigenvalues. Changing the Scale
Function of the warped plots of one component will shift the height of the plots of the other components of the
same datafile, but not the base of them.

script align the two set of data in the same reference frame.

5.2 Gnuplot export

Gnuplot is a free graphing utility, which allows scientists to visualize data interactively. If installed it can be used
to export 1D, 2D & 3D nextnano results.

5.2.1 How to export 1D plot files with Gnuplot

* Moving plot-files to another device

Either the currently selected file can be exported (by usage of the context menu) or the contents of the overlay
list can be combined (1D) and exported (by usage of the output menu button). An example of such a combined
file can be seen in Figure 5.2.1.1.

Moving plot-files to another device

1D-plots are linked to the original .dat file(s). So if you want to move your plot to another device, you can either
save your plot as .pdf/.svg/.png file directly in gnuplot (recommended), or if you want to move the original .plt-file
you also have to move all necessary .dat files (the paths can be adjusted when opening the .plt file with a text editor).

A Warning
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Figure 5.2.1.1: One-dimensional Gnuplot export of band edge plus probability densities.

If you move the 1D plot file without data files or without adjusting the paths, it will be broken. (Will not open
when file is double-clicked.)

5.2.2 How to export 2D or 3D plot files with Gnuplot

In 2D you have some additional options for your gnuplot file compared to the 1D export, displayed in Figure 5.2.2.1.
The plot can be displayed as a color map, analog to the implementation of nextnano, or as a surface plot, which
is a pseudo three-dimensional plot (Figure 5.2.2.2). Title and labels are optional and if they are not specified they
will be taken directly from the file (if provided). If remember settings is checked, the next time the panel will
be pre-filled with these settings. If you always use the same settings and do not want this dialog to be displayed
each time, you can chose the Create Gnuplot file - last used (*.plt) option in the context menu.

Gnuplots are interactive, see Figure 5.2.2.3, which makes them suitable to create animations e.g. for presentations.
Furthermore they can be saved as vector graphics. To understand the dependency between plot files and their raw
data files, please refer to the next section.

5.2.3 How to optimze the looks of a Gnuplot graph

* Optimize your Gnuplot Graph manually

» Generate high quality graphs

The plot style for all Gnuplot exports can be customized in Gnuplot export. This is convenient to achieve unifor-
mous style of the exported graphs e.g. for a presentation. A style-sheet can be used which can be shared within the
whole work-group.
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Figure 5.2.2.1: Additional options for more-dimensional Gnuplot export.

5.2. Gnuplot export 65



nextnanomat Documentation, Release 5.6.4.6

psi_squared[nm~-2]

0.007 0.007

0.006
0.006
0.005

0.005 0.004

0.004 0.003

0.003 0.002

0.001
0.002

0.001

Figure 5.2.2.2: Example of Gnuplot surface plot option colored mesh (Probability density of the 10th wave
function in a hexagonal structure.)
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Figure 5.2.2.3: Interactive surface plot.

66 Chapter 5. Export Functionalities



nextnanomat Documentation, Release 5.6.4.6

Optimize your Gnuplot Graph manually

Alternatively or additionally to the style-sheet you can customize each Gnuplot file on its own. Just open the file
with a text editor of your choice and change, add or remove commands.

Collection of some useful gnuplot commands.

Semi-log plot

set logscale x
set logscale y

Change the line thickness (1w 4)

plot 'D:\bandedges.dat' linetype rgb "#FFQ000" pt 5 ...
plot 'D:\bandedges.dat' linetype rgb "#FFOO000" pt 5 lw 4 ...

Change font size of the x axis (20)

set xlabel "position (nm)" font "sans - serif"
set xlabel "position (nm)" font "sans - serif,20"

Use subscript and superscript (enhanced vs. noenhanced)

plot 'D:\density_hole.dat' using 1:2 title "p (104{18} cm*{-3})
—"enhanced ...
plot 'D:\density_hole.dat' using 1:2 title "p (10418 cm”-3)" noenhanced.

e oaw

Change range [xmln s Tmazx ] and [ymzn s Ymax ] of the graph

set xrange [-0.3:100.3]
set xrange [0:100]

set yrange [-1.5:2.5]
set yrange [-1.0:0.5]

Set/Remove grid

set grid
unset grid

Change thickness of the border (1w)

set border lw 2
set border lw 3

Set/Remove legend

set key on
set key off

Set/Remove box around legend (box)

set key on ... box
set key on ... nobox

Increase font size in legend

set key on ... font "sans - serif,14"
set key on ... font "sans - serif,18"

Specify the location of legend
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set key left top inside ...
set key right bottom outside ...

Remove line from legend (notitle)

plot 'D:\bandedges.dat' using 1:2 title "E_c .
plot 'D:\bandedges.dat' using 1:2 notitle "E_c " ...

Add Greek letter to line in legend ("{/Symbol G}" enhanced)

[using 1:2 title "{/Symbol G} [eV]" enhanced ]

produces I'.
e, 1, m, q produce €, A, i, and 6, respectively.

Add a label to the point (z, y) in the plot

[set label "label” at 0.5,1.5 ]

Add an arrow

[set arrow from 1.5,0.3 to 4,2 ]
Graph Title
[set title "title" font "sans - serif,18" ]

Generate high quality graphs
1. In gnuplot window: Click on Export plot to file
2. Save as SVG files (.svg)
3. Open the saved .svg file with Inkscape

4. File = Export .PNG Image... = Select Drawing = Export

5.3 Export via python scripts

5.3.1 How to call custom python scripts directly from nextnanomat

Custom written python scripts can be called directly from the Output tab. The parent folder of the python script,
Path to the currently displayed output file as well as the path to the simulation folder are transferred as system
arguments, see Figure 5.3.1.1. (If you need other specific information to be exported, just mail your request to the
nextnano support team or use the widget on this website.) By using those system arguments in your python script,
individual post-processing of specific output files is reduced to a one-click effort.

Related: Exporting 2D Outputs with Python Scripts

5.4 Other

In Data export custom paths to installed applications (e.g. ParaView, notepad++) can be set, to allow convenient
export of output files for the purpose of visualization or post-processing.
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T .

1 e

Calling Python script *

Function call finished.
Selected simulation file: C\D\nextnano
output\2DGaAs_AlGaAs_hexagon_nn3\alloy_profile.fld

Selected Python script:
DATFS_CBunextnano\nextnanomat\nextnanomat\nextnanomat\Resource
s\Python5criptsitest.py

Output:
Microsoft Windows [Version 10.0.19042.1348]
(€} Microsoft Corporation. All rights reserved.

CAD\TFS_CB\nextnano\nextnanomat\nextnanomat\nextnanomat\bin\De
bug> "DATFS_CB\nextnano\nextnanomat\nextnanomat\nextnanomat\Re
sources'\PythonScriptsi\test.py” "Argument 2, path to Python folder:”
"DATFS_CB\nextnano‘\nextnanomat\nextnanomat\nextnanomat\Resourc
es'\PythonScripts\ * “Argument 4, path to selected simulation file:"
‘Ch\Dynextnano output\2DGaAs_AlGaAs_hexagon_nn3\alloy_profile.fid”
"Argument 6, path to simulation folder:™ "C:\D\nextnano
output\2DGaAs_AlGaAs_hexagon_nn3\ "

Python C# Test

receiving arguments

CA\D\nextnano output\2DGaAs_AlGaAs_hexagon_nn3\
SUCCEss

Figure 5.3.1.1: Example of transferred system arguments when calling a python script.

T T =

5.4. Other
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CHAPTER
SIX

HTCONDOR

You can use HTCondor to run the nextnano software on your local computer infrastructure (“on-premise”). Essen-
tially, nextnanomat submits the job either locally or on the “HTCondor” cluster. In both cases, the results of the
calculations are located on your local computer.

This feature is only supported with our new license system.

6.1 HTCondor on nextnanomat

The following shows a screenshot from nextnanomat. 6 computers are connected to the HTCondor pool called
e25nn. 120 slots are configured, 44 are currently available. Computers 2, 3, 4 and 6 are selected to accept jobs.
Computers 2 and 6 are currently not available as they are in use.

6.2 Recommended Installation Process

Download HTCondor installer from HTCondor.

1.

On the webpage, click on Download and go to Current Stable Release of UW Madison (as of Septem-
ber 24 2020, HTCondor 8.8.10).

We recommend the file for Windows in Native Packages. The filenames look similar to this one:
e condor-8.8.10-513586-Windows-x64.msi (Version 8.8.10)

Select the file, agree to the license agreement and download the .msi file. When you download it, you can
optionally enter your name, email address and institution and subscribe to the HTCondor newsletter.

Install HTCondor.

1.

Start installer

2. Click Next and then accept License Agreement

3. Then there are two options. There will be one special computer that manages all HTCondor jobs (Central

Manager), and other computers as submit/execute nodes. If there is no Central Manager yet, we have to
create a new pool.

1. If you are on the Central Manager, choose Create a new HTCondor Pool and fill in the name of
the Pool, e.g. nextnanoHTCondorPool. This is a unique name for your pool of machines.

2. If you are not the Central Manager, choose Join an existing HTCondor Pool and fill in the host-
name of the central manager, e.g. computername where nextnanoHTCondorPool has been created.

Tic Submit jobs to HTCondorPool and choose Always run jobs and never suspend them. (Al-
ternative: If you do not want other people to run jobs on your machine at all, select Do not run jobs on
this machine or if you do not want other people to run jobs on your machine while you are working, select
lihen keyboard has been idle for 15 minutes.. You can of course modify these settings later.)

Fill in your domain name (Example: Your Windows domain, e.g. yourcompanyname . com (without www).)
All PCs of your network should get the same domain name, this does not necessarily have to be your Windows
domain.
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-

Status

Host

nn++ running {Process|D 1710}

HTCondor (slot13@e25next 1w...

nn++ running {Process|D 1711)

HTCondor (zlot 19@e25next 1w...

nn++ running {Process|D 1712)

HTCondor (slot20@e25next 1w...

nn++ running {Process|D 1713)

HTCondor (slot 14@e25next Tw...

nn++ running {Process|D 1714)

HTCondor (slot 10@e25next 1w...

rin++ runining {Process|D 1715)

HTCondor (slotd@e25next 1. wsi...

nn++ running {Process|D 1716)

HTCondor (slot17@e25next 1w...

nn++ running (ProcessID 1717) | HTCondor (slot 1@e24sim wsit...

nn++ running {ProcessID 1718) | HTCondor (slot 7@e24sim wsit...

nn++ running (Process|D 1719) | HTCondor (slot 11@e24sim wsi. ..
nn++ running (Process|D 1720) | HTCondor (slot 14@e24sim wsi....
nn++ running (Process|D 1721) | HTCondor (slot 17@e24sim wsi. ..
nn++ running {Process|D 1722) | HTCondor (slot 19@e24sim wsi....
nn+=+ running {ProcessID 1723) | HTCondor (slot24@e24sim wsi....
nn++ running (Process|D 1724) | HTCondor (slot25@&e24sim wsi. ..
nn++ running (Process|D 1725) | HTCondor (slot27@e24sim wsi. ..
nn++ running (Process|D 1726) | HTCondor (slot31@e24sim wsi....
nn++ running (ProcessID 1727) | HTCondor (slot 32@e24sim wsi....
nn++ running (Process|D 1728) | HTCondor (slot1&@e25nexd 3 wsi...
nin++ runining (Process|D 1729) | HTCondor (slot2@e25nexd 3. wsi...
nn++ running (Process|D 1730) | HTCondor (slot 3@e25next 3.wsi...
nn++ running {Process|D 1731) | HTCondor (slot4@e25nexd 3 wsi...
nn++ running {ProcessID 1732) | HTCondor (slot&6@e25next 3. wsi...
nn++ running (Process|D 1733) | HTCondor (slot 7&@e25nexd 3. wsi...
nn++ running (Process|D 1734) | HTCondor (slot 8@e25next 3 wsi...

nn++ running {Proce

HTCondor (slot5

Figure 6.1.1:

File Edit Run

View Tools

Help

Cloud computing | Advanced

Disable HTCondor

HTConder is a specialized workload management system for compute-ntensive jobs.

Online documentation for the combination with nextnanomat.

HTCondor

HTCander installation path {e.g. C:zondor)

D:\condor

HTCandor version
Name of pool
Name of central manager
Number of execution slots
Status
Local PC (Name, RAM)
Processor
IP address

Cluster

8.6.12Jul 31 2018 BuidID: 446077

e25nn
e2bnext 1

120 (44 available)
Pool connected. Local service connected.
E2ENEXT2, 64 GB

Intel(R) ¥eon(R) CPU

192.168.49.25

X5650 @ 2.67GHz

["] Computer 1: E24NS108PS (cumently not available: all 8 cores claimed by us
[¥] Computer 2: T33FIN (availabe:0 of 24 cores)

[v] Computer 3: E245IM (availabe:12 of 32 cores)

[¥] Computer 4: E2BNEXT1 {availabe:8 of 24 cores)

[] Computer 5: E25NEXT2 (availabe:24 of 24 cores)

[v] Computer &: EZ5NEXT3 (availabe:0 of & cores)

Screenshot taken from nextnanomat with integrated HTCondor feature.
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Hostname of SMTP Server and email address of administrator (not needed currently, leave it blank)
Path to Java Virtual Machine (not needed currently, leave it blank)

Host with Read access: *

© ® =N

Host with Write access: $(CONDOR_HOST), $(IP_ADDRESS), *.yourdomainname.com, 192.168.
178.*, (Replace *.cs.wisc.edu with your domain name and add your local IP subnet e.g. 192.168.178.%).
On Windows you can find your IP subnet by opening the Command Prompt cmd.exe and typing in
ipconfig.

10. Host with Administrator access * (or $ (IP_ADDRESS))
11. Enable VM Universe No

12. Choose an installation directory and press next (e.g. C:\condor\). The directory Program Files is prob-
lematic due to write permissions, so we do not recommend using it.

13. Press Install and type in the Administrator password of your PC. (You need Administrator rights.)
14. Once installed, please restart the computer. Then your new pool or pool member should be up and running.
A few more setups

1. To be able to submit jobs from nextnanomat to HTCondor, you have to store your credentials once. Open a
command shell and type the following command: condor_store_cred add

* Enter your password and you are ready to submit your first HTCondor job.

* If this does not work, try to enter condor_store_cred add -debug for more output information on
the error.

2. Please make sure that nextnanomat has successfully found the HTCondor pool. In nextnanomat go to Tools
-> Options -> Cloud computing. If everything is correctly set up, you will find the “HTCondor” section
highlighted with green color, and the available computers show up in “Cluster”. If this is not the case, maybe
you have not installed HTCondor on the computer where you are running nextnanomat. Please also check
that the HTCondor installation path is correctly set within nextnanomat, e.g. the default path C:\condor
might not be the one where you installed HTCondor.

6.2.1 Summary of settings (Example)

Hostname (for HTCondor pool): computername.yourcompanyname.com

Policy: "Always run jobs"

Accounting domain: yourcompanyname.com

Read access: *

Write access: $(CONDOR_HOST), $(IP_ADDRESS), *.yourcompanyname.com, 192.168.178.%*
Administrator: $(IP_ADDRESS)

6.2.2 Config file

You can find your HTCondor config settings in the file C:\condor\condor_config. Let us look at an example
below.

* Your company is called Simpson.

¢ Your Windows domain is called simpson. com.

* Your HTCondor pool shall have the name TheSimpsonsCondorPool.

* The HT'Condor host that manages the HTCondor jobs has the computer name homer . simpson. com.
* Your computer is called 1isa.simpson.com.

* The computers in your network have the IP range 192.168.188.%*. (or 2001:db8:2042: :* in IPv6)
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RELEASE_DIR = C:\condor

LOCAL_CONFIG_FILE = $(LOCAL_DIR)\condor_config.local
REQUIRE_LOCAL_CONFIG_FILE = FALSE

LOCAL_CONFIG_DIR = $(LOCAL_DIR)\config

use SECURITY : HOST_BASED

#CONDOR_HOST: $(FULL_HOSTNAME) # on computer called homer

CONDOR_HOST: homer # on computer called lisa
COLLECTOR_NAME = TheSimpsonsCondorPool # only on computer called homer
#UID_DOMAIN = # empty if you do not have a domain
UID_DOMAIN = simpson.com

SOFT_UID_DOMAIN=TRUE # entry is missing if you do not have a domain

FILESYSTEM_DOMAIN = simpson.com # entry is missing if you do not have a domain
CONDOR_ADMIN =

SMTP_SERVER =

ALLOW_READ = *

ALLOW_WRITE = $(CONDOR_HOST), $(IP_ADDRESS), *.simpson.com, 192.168.188.%, .
—2001:db8:2042::*

ALLOW_ADMINISTRATOR = $(IP_ADDRESS)

use POLICY : ALWAYS_RUN_JOBS
#use POLICY : DESKTOP

WANT_VACATE = FALSE

WANT_SUSPEND = TRUE

#DAEMON_LIST = MASTER SCHEDD COLLECTOR NEGOTIATOR STARTD # on computer called homer

#DAEMON_LIST = MASTER SCHEDD STARTD KBDD # on computer called lisa if..
—keyboard idle 15 minutes option was chosen
DAEMON_LIST = MASTER SCHEDD STARTD # on computer called lisa

6.2.3 Configuring a pool without a domain

It is also possible to set up a HTCondor pool with computers that are not on a domain by using the NO_DNS option
in the compig file. This also provides an easy way to setup a mixed pool with Windows and Linux machines. Below
are example comfigurations for central manager and submit/execute nodes for Windows and Linux, respectively.
The user passwords on Windows machines need to be stored by condor_store_cred add command as above,
on Linux machines no password is needed.

Central Manager on Windows:

RELEASE_DIR = C:\condor

LOCAL_DIR = $(RELEASE_DIR)

gLOCAL_CONFIG_FILE = $(LOCAL_DIR)\condor_config.local
REQUIRE_LOCAL_CONFIG_FILE = FALSE

use SECURITY : HOST_BASED

CONDOR_HOST = $(FULL_HOSTNAME)
COLLECTOR_NAME = EXAMPLE_POOL

NO_DNS = True
DEFAULT_DOMAIN_NAME = MY_DOMAIN

ALLOW_CONFIG = $(IP_ADDRESS)
ALLOW_ADMINISTRATOR = $(CONDOR_HOST), $(IP_ADDRESS), condor_pool@(UID_DOMAIN), ..
—EXAMPLE_POOL

ALLOW_READ = $(IP_ADDRESS)/8, $(CONDOR_HOST)
ALLOW_WRITE = $(IP_ADDRESS)/8, $(CONDOR_HOST)

(continues on next page)
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ALLOW_NEGOTIATOR = $(CONDOR_HOST), condor_pool@$(UID_DOMAIN)

ALLOW_ADVERTISE_MASTER = $(IP_ADDRESS)/8, $(CONDOR_HOST)
ALLOW_ADVERTISE_STARTD = $(IP_ADDRESS)/8, $(CONDOR_HOST)
ALLOW_ADVERTISE_SCHEDD = $(IP_ADDRESS)/8, $(CONDOR_HOST)

ALLOW_DAEMON = condor_pool@$(UID_DOMAIN), condor@$(UID_DOMAIN), $(IP_ADDRESS)
DAEMON_LIST = MASTER STARTD SCHEDD NEGOTIATOR COLLECTOR

use POLICY : ALWAYS_RUN_JOBS
WANT_VACATE = FALSE
WANT_SUSPEND = TRUE

Submit/Execute Node on Windows:

RELEASE_DIR = C:\condor

LOCAL_DIR = $(RELEASE_DIR)

LOCAL_CONFIG_FILE = $(LOCAL_DIR)\condor_config.local
REQUIRE_LOCAL_CONFIG_FILE = FALSE

use SECURITY : HOST_BASED

CONDOR_HOST = 192.168.188.xy #substitute with the ip address of the central manager
COLLECTOR_HOST = $(CONDOR_HOST)

NO_DNS = True
DEFAULT_DOMAIN_NAME = MY_DOMAIN

ALLOW_CONFIG = $(IP_ADDRESS), $(CONDOR_HOST)
ALLOW_ADMINISTRATOR = $(CONDOR_HOST), $(IP_ADDRESS), condor_pool@(UID_DOMAIN),..
—EXAMPLE_POOL

ALLOW_READ = $(IP_ADDRESS)/8, $(CONDOR_HOST)
ALLOW_WRITE = $(IP_ADDRESS)/8, $(CONDOR_HOST)

ALLOW_ADVERTISE_MASTER = $(IP_ADDRESS)/8, $(CONDOR_HOST)
ALLOW_ADVERTISE_STARTD = $(IP_ADDRESS)/8, $(CONDOR_HOST)
ALLOW_ADVERTISE_SCHEDD = $(IP_ADDRESS)/8, $(CONDOR_HOST)

ALLOW_DAEMON = condor_pool@$(UID_DOMAIN), condor@$(UID_DOMAIN), $(IP_ADDRESS),
—$ (CONDOR_HOST)
DAEMON_LIST = MASTER STARTD SCHEDD

use POLICY : ALWAYS_RUN_JOBS
WANT_VACATE = FALSE
WANT_SUSPEND = TRUE

Central Manager on Linux:

RELEASE_DIR = /usr

LOCAL_DIR = /var

LOCAL_CONFIG_FILE = /etc/condor/condor_config.local
REQUIRE_LOCAL_CONFIG_FILE = false

LOCAL_CONFIG_DIR = /etc/condor/config.d

## Pathnames
RUN = $(LOCAL_DIR) /run/condor

(continues on next page)
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LOG = $(LOCAL_DIR)/log/condor

LOCK = $(LOCAL_DIR)/lock/condor

SPOOL = $(LOCAL_DIR) /spool/condor

EXECUTE = $(LOCAL_DIR)/lib/condor/execute
BIN = $(RELEASE_DIR) /bin

LIB = $(RELEASE_DIR)/1ib/condor

INCLUDE = $(RELEASE_DIR)/include/condor
SBIN = $(RELEASE_DIR)/sbin

LIBEXEC = $(RELEASE_DIR)/lib/condor/libexec
SHARE = $(RELEASE_DIR)/share/condor

GANGLIA_LIB64_PATH = /lib,/usr/lib, /usr/local/lib
PROCD_ADDRESS = $(RUN) /procd_pipe

use SECURITY : HOST_BASED

CONDOR_HOST = $(FULL_HOSTNAME)
COLLECTOR_NAME = EXAMPLE_POOL

NO_DNS = True
DEFAULT_DOMAIN_NAME = MY_DOMAIN

ALLOW_CONFIG = $(IP_ADDRESS)
ALLOW_ADMINISTRATOR = $(IP_ADDRESS), $(CONDOR_HOST), condor_pool@(UID_DOMAIN),..
—EXAMPLE_POOL

ALLOW_WRITE = $(CONDOR_HOST), $(IP_ADDRESS)/8
ALLOW_READ = $(CONDOR_HOST), $(IP_ADDRESS)/8

ALLOW_NEGOTIATOR = $(CONDOR_HOST), condor_pool@$(UID_DOMAIN)
ALLOW_ADVERTISE_MASTER = $(IP_ADDRESS)/8

ALLOW_ADVERTISE_STARTD = $(IP_ADDRESS)/8
ALLOW_ADVERTISE_SCHEDD = $(IP_ADDRESS)/8

ALLOW_DAEMON = condor_pool@$(UID_DOMAIN), condor@$(UID_DOMAIN), $(IP_ADDRESS)
DAEMON_LIST = MASTER, STARTD, SCHEDD, NEGOTIATOR, COLLECTOR

# Do not phone home
CONDOR_DEVELOPERS = NONE
CONDOR_DEVELOPERS_COLLECTOR = NONE

SSH_TO_JOB_SSHD_CONFIG_TEMPLATE = /etc/condor/condor_ssh_to_job_sshd_config_template

Submit/Execute Node on Linux:

RELEASE_DIR = /usr

LOCAL_DIR = /var

LOCAL_CONFIG_FILE = /etc/condor/condor_config.local
REQUIRE_LOCAL_CONFIG_FILE = false

LOCAL_CONFIG_DIR = /etc/condor/config.d

## Pathnames

RUN = $(LOCAL_DIR) /run/condor
LOG = $(LOCAL_DIR)/log/condor
LOCK = $(LOCAL_DIR)/lock/condor
SPOOL = $(LOCAL_DIR) /spool/condor

(continues on next page)
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EXECUTE = $(LOCAL_DIR)/lib/condor/execute
BIN = $(RELEASE_DIR) /bin

LIB = $(RELEASE_DIR)/1lib/condor

INCLUDE = $(RELEASE_DIR)/include/condor
SBIN = $(RELEASE_DIR)/sbin

LIBEXEC = $(RELEASE_DIR)/lib/condor/libexec

SHARE = $(RELEASE_DIR) /share/condor
GANGLIA_LIB64_PATH = /lib,/usr/1ib, /usr/local/lib
PROCD_ADDRESS = $(RUN) /procd_pipe

use SECURITY : HOST_BASED

CONDOR_HOST = 192.168.188.xy #subsitute with the ip address of the central manager
COLLECTOR_HOST = $(CONDOR_HOST)

NO_DNS = True
DEFAULT_DOMAIN_NAME = MY_DOMAIN

ALLOW_CONFIG = $(IP_ADDRESS)
ALLOW_ADMINISTRATOR = $(IP_ADDRESS), $(CONDOR_HOST), condor_pool@(UID_DOMAIN),..
—EXAMPLE_POOL

ALLOW_WRITE = $(CONDOR_HOST), $(IP_ADDRESS)/8
ALLOW_READ = $(CONDOR_HOST), $(IP_ADDRESS)/8

ALLOW_ADVERTISE_MASTER = $(IP_ADDRESS)/8
ALLOW_ADVERTISE_STARTD = $(IP_ADDRESS)/8
ALLOW_ADVERTISE_SCHEDD = $(IP_ADDRESS)/8

ALLOW_DAEMON = condor_pool@$(UID_DOMAIN), condor@$(UID_DOMAIN), $(IP_ADDRESS)
DAEMON_LIST = MASTER, STARTD, SCHEDD

# Do not phone home
CONDOR_DEVELOPERS = NONE
CONDOR_DEVELOPERS_COLLECTOR = NONE

SSH_TO_JOB_SSHD_CONFIG_TEMPLATE = /etc/condor/condor_ssh_to_job_sshd_config_template

6.3 Submitting jobs to HTCondor pool with nexthanomat

Submit job
1. Add a job to the Batch list in the Run tab.
2. Click on the Run in HTCondor Cluster button (button with triangle and network).
Show information on HTCondor cluster
1. Click on Show Additional Info for Cluster Simulation.
2. Press the Refresh button on the right.
3. The results of the condor_status command are shown, i.e. the number of compute slots are displayed.
4

. You can select another HTCondor command such as condor_q to show the status of your submitted jobs,
i.e. select condor_q, and then press the Refresh button.

* You can type in any command in the line System command:, e.g. dir.

* The button Open Documentation opens the online documentation (this website).
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Results of HTCondor simulations

6.4

6.5

Once your HTCondor jobs are finished, the results are automatically copied back to your simulation output
folder <nextnano simulation output folder\<name of input file>\.

For debugging purposes regarding the HTCondor job, you can analyze the generated log file, <input file
name>.log.

Useful HTCondor commands for the Command Prompt

condor_submit <filename>.sub Submit a job to the pool.

condor_q Shows current state of own jobs in the queue.

condor_q -nobatch -global -allusers Shows state of all jobs in the cluster. Of all users.

condor_q -goodput -global -allusers Shows state and occupied CPU of all jobs in the cluster.

condor_q -allusers -global -analyze Detailed information for every job in the cluster.

condor_q -global -allusers -hold Shows why jobs are in hold state.
condor_status Shows state of all available resources.
condor_status -long Shows state of all available resources and many other information.

condor_status -debug Shows state of all available resources and some additional information, e.g.
WARNING: Saw slow DNS query, which may impact entire system: getaddrinfo(<Computername=>) took
11.083566 seconds.

condor_rm Remove jobs from a queue:
— condor_rm -all Removes all jobs from a queue.

— condor_rm <cluster>.<id> Removes jobs on cluster <cluster> with id <id> (It seems <cluster>.
can be omitted, and id is the JOB_IDS number.)

condor_release -all If any jobs are in state hold, use this command to restart them.

condor_restart Restart all HTCondor daemons/services after changes in config file. It might also resolve
problems when no computer is found in the network.

condor_version Returns the version number of HTCondor
condor_store_cred query Returns info about the credentials stored for HTCondor jobs

condor_history Lists the recently submitted jobs. If for a specific job ID the status has the value ST=C,
then this job has been completed (C) successfully.

condor_status -master: returns Name, HTCondor Version, CPU and Memory of central manager

Open Command Prompt cmd . exe as Administrator. Type in: net start condor. This has the same effect
as restarting your computer, i.e. the networking service condor is started. This is useful if you have changed
your local condor_config file.

HTCondor Pool - Managing Slots

Each PC runs one condor_startd daemon. By default, the condor_startd will automatically divide
the machine into slots, placing one core in each slot. E.g. a 6-core computer with hyperthreading has 12
logical processors. Alternatively, the number of cores (or logical processors) can be distributed to the slots
as follows.

SLOT_TYPE_1 = cpus=4
SLOT_TYPE_2 = cpus=4
SLOT_TYPE_3 = cpus=2
SLOT_TYPE_4 = cpus=1
(continues on next page)
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SLOT_TYPE_5 = cpus=1

SLOT_TYPE_1_PARTITIONABLE = TRUE
SLOT_TYPE_2_PARTITIONABLE = TRUE
SLOT_TYPE_3_PARTITIONABLE = TRUE
SLOT_TYPE_4_PARTITIONABLE = TRUE
SLOT_TYPE_5_PARTITIONABLE = TRUE

NUM_SLOTS_TYPE_1 =1
NUM_SLOTS_TYPE_2 =1
NUM_SLOTS_TYPE_3 =1
NUM_SLOTS_TYPE_4 = 1
NUM_SLOTS_TYPE_5 = 1

e PartitionableSlot: For SMP (symmetric multiprocessing) machines, a boolean value identifying that
this slot may be partitioned.

e DynamicSlot: For SMP machines that allow dynamic partitioning of a slot, this boolean value identifies
that this dynamic slot may be partitioned.

¢ SlotID: For SMP machines, the integer that identifies the slot.

* A useful command might be: condor_status -af Name TotalCpus DynamicSlot
PartitionableSlot SlotID. It returns the requested properties of each slot:

— Name

TotalCpus

DynamicSlot

PartitionableSlot

SlotID

6.5.1 Dynamic slots

In our pool we have chosen dynamic partitioning which gives full flexibility. For instance, a quad-core CPU that
is dynamically partitioned can accept

* 4 single-threaded jobs (request_cpus = 1)
* 2 jobs with 2 threads each (request_cpus = 2)

* 2 jobs of which one is single-threaded (request_cpus = 1) and the other uses 3 threads (request_cpus
= 3)

* 1 job with 4 threads (request_cpus = 4).

HHAHHHHHHHHHRHR AR AR HHHHRHR AR AR AR A RHRH R AR AR AR A AR
# Dynamic partitioning

# We use HTCondors dynamic partitioning mechanism.

# Each PC has one partitionable whole machine slot.
# (It seems that hyperthreading is not taken into account.)
HHAHHHHHRHHHRHR AR AR A RHRAR AR AR AR A RHRH R AR AR AR A AR
NUM_SLOTS =1

NUM_SLOTS_TYPE_1 = 1

SLOT_TYPE_1 = 100%

SLOT_TYPE_1_PARTITIONABLE = true

SlotWeight = Cpus
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6.6 Machine states

A machine is in any of the following 6 states. The most important one are Owner, Unclaimed, Claimed.
e Backfill: (not relevant for us)

* Owner: The machine is being used by the machine owner, and/or is not available to run HTCondor jobs.
When the machine first starts up, it begins in this state.

* Unclaimed: The machine is available to run HTCondor jobs, but it is not currently doing so.

* Matched: The machine is available to run jobs, and it has been matched by the negotiator with a specific
schedd. That schedd just has not yet claimed this machine. In this state, the machine is unavailable for further
matches.

e Claimed: The machine has been claimed by a schedd.

e Preempting: The machine was claimed by a schedd, but is now preempting that claim for one of the fol-
lowing reasons.

- The owner of the machine came back
- Another user with higher priority has jobs waiting to run.
- Another request that this resource would rather serve was found.

6.7 Machine activities

Each machine state can have different activities. The machine state Claimed can have one out of these four activ-
ities.

e Idle:

* Busy:

* Suspended:

e Retiring:

6.8 Configuration options for the Central Manager computer

With this option in the condor.config file on the central manager, one can set a policy that the jobs are spread
out over several machines rather than filling all slots of one computer before filling the slots of the other computers.

#H-—————- nn: SPREAD JOBS BREADTH-FIRST OVER SERVERS

##-- Jobs are "spread out" as much as possible,

#i# so that each machine is running the fewest number of jobs.
NEGOTIATOR_PRE_JOB_RANK = isUndefined(RemoteOwner) * (- SlotId)

6.9 FAQ

Q: I submitted a job to HTCondor, but nothing happens. The nextnanomat GUI says “transmitted”.

A: Tt could be that nextnanomat has not read in all required settings. You can try the command condor_restart.
Please make sure that you entered your credentials using condor_store_cred add -debug. You should then
restart nextnanomat.

Q: I submitted a job to HTCondor, but the Batch line of nextnanomat is stuck with preparing. What is wrong?

A1: Did you store your credentials after the installation of HTCondor? If not, enter condor_store_cred add
into the command prompt to add your password, see above (Recommended Installation Process).

A2: Did you change your password recently? If yes you have to reenter your credentials for HTCondor. Enter
condor_store_cred add into the command prompt to add your password, see above (Recommended Installation
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Process). If this does not work, try to enter condor_store_cred add -debug for more output information on
the error.

Q: I specified target machines in Tools - Options. Afterwards every submitted job to HTCondor is stuck with
transmitting. What is wrong?

A: The value for UID_DOMAIN within the condor_config file needs to be the same for every computer of your cluster.
(You can easily test it in a command prompt with condor_status -af uiddomain) If it’s not the same value,
no matching computer will be found and the job will not be transmitted successfully.

6.10 Problems with HTCondor

6.10.1 Error: communication error

If you receive the following error when you type in condor_status

C:\Users\'"<your user name>">condor_status
Error: communication error
CEDAR:6001:Failed to connect to <123.456.789.123>

you can check whether the computer associated with this IP address is your HTCondor computer using the following
command.

[nslookup 123.456.789.123 }

It is also a good idea to type in

[nslookup }

This will return the name of the Default Server that resolves DNS names. If it is not the expected computer, you
can open a Command Prompt as Administrator and type in ipconfig /flushdns to flush the DNS Resolver
Cache.

[C:\Users\"<your user name>">ipconfig /flushdns }

If the DNS address cannot be resolved correctly it could be related to a VPN connection that has configured a
different default server for Domain Name to IP address mapping. E.g. if your Windows Domain is called con-
toso.com (which is only visible within your own network and your own HTCondor pool) but your DNS is resolved
to www.contoso.com (which might be outside your local HTCondor pool).

6.10.2 Error: condor_store_cred add failed with Operation failed. Make sure
your ALLOW_WRITE setting include this host.

Solution: Edit condor_config file and add host, i.e. local computer name (here: nn-delta).

ALLOW_WRITE = $(CONDOR_HOST), $(IP_ADDRESS)
==> ALLOW_WRITE = $(CONDOR_HOST), $(IP_ADDRESS), nn-delta

6.10.3 Error? Check the Log files

If you encounter any strange errors, you can find some hints in the history or Log files generated by HTCondor.
You can find them here:

C:\condor\spool
* history
C:\condor\log
* CollectorLog
* MasterLog
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* MatchLog
* NegotiatorLog
* ProcLog
* SchedLog
* ShadowLog
 SharedPortLog
* StarterLog
* StartLog
More details can be found here: Logging in HTCondor

6.11 Known bugs

e HTCondor < 8.9.5 works with all nextnano executables

e HTCondor >= 8.9.5 works with nextnano executables newer than 2020-Jan

6.12 Run your custom executable on HTCondor with nextnanomat

You can even run your own executable with nextnanomat locally or on HTCondor! We tested the following pro-
grams:

* HellolWorld.exe
e Quantum ESPRESSO (pw.exe)
e ABINIT (abinit.exe)

6.12.1 Input file identifier

An input file identifier is a special string in the input file that signals to nextnanomat whether the input file is an
input file for the nextnano++, nextnano’, nextnano.NEGF or nextnano.MSB tools, or for a custom executable.

6.12.2 Settings for Hello World (HW)
In nextnanomat, we need the following settings:
* Path to executable file: e.g. D: \HW\HelloWorld.exe
¢ Input file identifier: e.g. HelloWorld
* Working directory: Select ‘Simulation output folder’
e HTCondor: Output folder and files (transfer_output_files =...): .

Open input file input_file_for_HelloWorld.in (or any other input file that contains the string HelloWorld)
and run the simulation either locally or on HTCondor.

6.12.3 Settings for Quantum ESPRESSO (QE)
Our folder structure is
e D:\QE\inputfile\My_QE_inputfile.in (QE input file)
e D:\QE\input\pseudo\C.UPF (pseudopotential file for atom species ‘C’ as specified in input file)
¢ D:\QE\exe\pw.exe (QE executable file)
* D:\QE\exe\*.dl11 (all dll files needed by pw.exe)

D:\QE\working_directory\QE_nextnanomat_HTCondor.bat (batch file)
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In nextnanomat, we need the following settings:

¢ Path to executable file: e.g. D:\QE\working_directory\QE_nextnanomat_HTCondor.bat

Path to folder with additional files: D:\QE\

¢ Input file identifier: e.g. &control

» Working directory: Select ‘Simulation output folder’

e HTCondor: Output folder and files (transfer_output_files =...): .
* (Additional arguments passed to the executable: $INPUTFILE)

The batch file (*.bat) contains the following content:

[ .\exe\pw.exe -in .\inputfile\My_QE_inputfile.in }

This means that relative to the working directory, pw. exe is started, and the specified input file is read in. In this
input file, the following quantities are specified:

» C.UPF: name of pseudopotential file
* ./input/pseudo/: path to pseudopotential file C.UPF
Open input file My_QE_inputfile.in and run the simulation either locally or on HTCondor.
Things that could be improved:
» Write all files into output folder created by nextnanomat. In particular, the folder output/ should be moved.
* condor_exec.exe is deleted (better: do not copy it back)
* all *.d11 files should be deleted (better: do not copy them back)
* Do not copy back *.exe and *.dll files (both HTCondor and local)

6.12.4 Settings for ABINIT
Our folder structure is
e D:\abinit\inputfile\t30.in (ABINIT input file)
e D:\abinit\input\* (input files needed by ABINIT)
e D:\abinit\exe\abinit.exe (ABINIT executable file)
e D:\abinit\exe\*.d11 (all dll files needed by abinit.exe)
e D:\abinit\working_directory\abinit_nextnanomat.bat (batch file)
¢ Path to executable file: e.g. D:\abinit\working_directory\abinit_nextnanomat.bat
* Path to folder with additional files: D:\abinit\
¢ Input file identifier: e.g. acell
* Working directory: Select ‘Simulation output folder’
e HTCondor: Output folder and files (transfer_output_files =...): .
» Additional arguments passed to the executable: (empty)

The batch file (*.bat) contains the following content:

[ .\exe\abinit.exe < .\input\ab_nextnanomat_HTCondor.files }

This means that relative to the working directory, abinit.exe is started, and the specified input file is read in. In
this input file, the following quantities are specified:

e \inputfile\t30.in: name of input file

¢ .\input\14si.pspnc:
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Open input file t30.in and run the simulation either locally or on HTCondor.

Notes
* condor_exec.exe is deleted (better: do not copy it back)
* all *.d11 files should be deleted (better: do not copy them back)
* Do not copy back *.exe and *.dll files (both HTCondor and local)

Last update: 08/01/2025
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CHAPTER
SEVEN

RELEASE NOTES

7.1 5.6.4.6 (2025-12-17)

New features

* Overall: support dedicated input file extensions for different nextnano tools

L]

Overall: show netification banner for connected licenses
— supports free, evaluation and professional licenses
— reminder before expiry
— email draft for quotation request

» Options: user setting to add nextnano tool name to output folder

Editor tab: add context sensitive online help for nextnano.NEGF
» Template beta tab: store and load sweep data in XML file
» Template beta tab: user option to store sweep data in generated input file
» Simulation: support running nested folders for simulation

Updates & Improvements

* Runtime framework updated to .NET 8

L]

Options: allow increasing the number of threads during a running simulation
 Editor tab: prioritize syntax keyword file next to nextnano tool executable
* Main menu: update help menu functions
Bugfixes
* QOutput tab: update timestamp of simulation folder without switching views
¢ Qutput tab: DPI aware scaling of slices control borders
» Output tab: default space allocation for overlay and 3D slider, DPI aware
e Output tab: fix sorting error for simulation output folder with numeric folder names
 Simulation: fix HTCondor sim timer counter
» Simulation: fix display of log file visible in wrong tabs
» Simulation: fix incomplete log file in case log is saved automatically in fixed time interval
* Postprocessing: fix wrong pop-up message after error
» Template beta: include check for max. output path length

* Overall: handle error if input file is removed or deleted outside of nextnanomat
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7.2 5.2.13.0 (2025-06-20)

Updates & Improvements
* Output tab: support space character in .fld file names
Bugfixes
* Output tab - 2D & 3D: overflow error in slices view in case of constant data
e QOutput tab: value cut off at ~ E28
* Output tab: graph control filewatcher buffer overflow

* Output tab: axis tick format for logarithmic scales

7.3 5.2.9.0 (2025-05-30)

New features
* DPI-aware graphical user interface supporting all screen resolutions
¢ Simulation tab: query to check simulation process for termination
» Editor tab: replace tabs with spaces
Updates & Improvements
* Runtime framework changed to .NET 6
* New layout for options control, introducing new settings
— New settings for performance options
— Merged cluster settings to default options control within Advanced group
— Start where you left - load last used tab page
Bugfixes

* On high resolution screens Windows App Size is not re-set to 100% after running a simulation

7.4 4.3.2.15 (2024-03-28)

New features
» Added option to kill whole process tree instead of process when stopping a simulation

* Added support of new nextnanoLicenseActivator executable (former ClientSideActivtor and Client-
SideServerActivation are no longer needed)

« Editor tab: support of “!Data” syntax for nextnano++
» Editor tab: feature ‘Create new input file by template’ is implemented for nextnano++ input files
» Output tab: option to display Log(abs(y))
Updates & Improvements
* Improved layout for license activation message feed

3

* Input file conversion for nextnano’ -> nextnano++ is now a standalone executable, can be called by

command line

* Output tab: small viusalization changes, e.g. fonts
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Bugfixes

.
L]
[

Change of default performance settings
Input tab: more accurate naming for context menu functions
Improved folder structure for installation and portable packages

Improve selection of matching database for different nextnano packages

Compeatibility fix for new license check
Cluster computing feature for nextnano.NEGF simulations
HTCondor, change default OS target for cluster computing

Update existing jobs in Batch List after license changes

Remaining known Bugs

L]

In installed versions running a simulation reverts Windows App Scaling back to 100%

7.5 4.3.2.8 (2023-08-07)

New features

L]

L]

Added specific licenses for nextnano® and evaluation

Added support for free licenses

Distinguish license types, display type during simulations and in settings

Added nextnano documentation (pdf) to installed package

Editor tab: added html keywordtree for nextnano++ to help with input file syntax

Editor tab: convert xml input files to negf input files (for nextnano.MSB and nextnano.NEGF)
Editor tab: added html keyword trees for all products to help with input file syntax

Settings: verify licenses directly within settings

Settings: added preview possibility for Editor and Output settings

Settings: added support for two nextnano.NEGF tool versions (C# & C++)

Output tab: added “local” and “global” full-size differentiation

Updates & Improvements

L]

Editor tab: updating links to online documentation for context help menu

Editor tab: converted input file (nextnano® to nextnano++) is opened in new tab
Simulation tab: update queued simulations after change in settings

Settings: functionality to disable syntax highlighting

Settings: restructured Options Form

Settings: added customizable tolerance for comparison of constant values (expert features)
Output tab: autosize for pointer labels

Output tab: changed numeric format for pointer labels

Output tab: button position of full-size button

Output tab: performance improvement in 1D output visualization during curve(s) selection
Output tab: separate, re-order and re-name check/select buttons

Output tab: improved spacing between data visualization and diagram axis

7.5. 4.3.2.8 (2023-08-07)
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Bugfixes

* QOutput tab: advanced python and ParaView export routines

* Event handling, custom export function

» License activation prompt, appearing at every program start

 Editor tab: syntax highlighting for conditional statements

« Editor tab: input file conversion: added error handling for files located in program files
 Editor tab: Warning message for deprecated syntax “#IF to |WHEN”

* Simulation tab: running a cloud nextnano.NEGF simulation does no longer change the input file ex-
tension

» Simulation tab: command line arguments for starting nextnano.NEGF simulations
» Simulation tab: fix performance issues for simulating a batch of jobs

* Settings: display of Pool names for HTCondor

¢ Settings: opening cloud options form

* Output tab: color scale initialization

* Output tab: adjust reference of message box to new menu location of export feature
e Qutput tab: visualization of txt licenses

» Support free licenses to be located in program files

Remaining known Bugs

* In installed versions running a simulation reverts Windows App Scaling back to 100%

7.6 4.

3.1.8 (2022-08-05)

New features

* standard selection of color maps for 2D and 3D
* feature to customize color maps

* couple of features related to color maps (e.g. invert scale, fix middle color etc. -> refer to online
documentation)

* syntax support for new input file format *.negf

e customizable syntax highlighting

 support for new NEGF licenses

* feature to run batch list automatically when new files are added
 added accessibility evaluation and statement for the nextnano software
* allow integration for tiberCAD input files and output

 output, show value difference for two selected curves

Updates & Improvements

* 1D Export to Gnuplot of overlay items includes currently displayed file
* add or remove items to overlay list by keyboard only
» improved syntax highlighting

 options to specify whether and how output should be overwritten
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* set online help references to the new nextnano documentation
Bugfixes

 prevent crash at application start due to color-map initialization

* prevent application crash due to IPv6 IP addresses

* modified file star

* prevent duplicate opening of the same input file

* increase functionality and stability of Template(Beta) tab
Remaining known Bugs

¢ input file shows in simulation tab during CPU heavy simulations

7.7 4.2.8.13 (2021-07-05)

New features (New functionality added)

* enable to set an OS-Target for remote execution pool

» implement logging functionality to help customer support in case of errors

* enable closing of last input tab
Updates (Existing features improved)

* sort simulation output by date feature is now taking lastWriteTime instead of LastAccessTime

» reduce message boxes in error handling of missing files during a simulation
Bugfixes (Bugs which got fixed)

* prevent unicode characters in license path to fail license check

* handle output filewatcher errors in case of access restricted folders or deleted files
Known bugs (Bugs which are still present, but known)

« input file shows in simulation tab during CPU heavy simulations

7.8 4.2.8.7 (2021-02-05)

New features

¢ Qutput: New nextnano_temp folder for HTCondor simulations

* Input: Added optical feedback (*) for unsaved files

» Tools: New functionality to generate nextnanopy config file from within nextnanomat
Updates

* Error handling in case of inaccessible Licensing.dll (GUI is no longer closed)

» Functionality to copy sample files at first program start is removed (Can cause confusion due to syntax
updates in newer program versions. -> Working examples are always found in corresponding installa-
tion folder.)

* Batch list: In case of non-working simulation, prompt same error message only once
Bugfixes
¢ HTCondor .log-file transfer

» Update notification: Fix version comparison (10<9)
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Known bugs

Licensing: local simulations don’t start with licenses of old model (*.txt files) Input files

New intersubband absorption input and tutorial files

7.9 4.2.8.6 (2020-12-09)

New features

Updates

Bugfixes

Specify Operating system via command line arguments when starting nextnanomat

Waiting batch list, which automatically starts simulation whenever a new item is added (enable per
Tools-Options)

functionality to import template file from current input tab

Expert feature to activate license per fingerprint-file (Enables license activation for other computer than
own. E.g. colleague has troubles due to his OS or anti-virus software)

Template tab: Added user warning in case input file might be overwritten

HTCondor: Disable functionality if no Pool is selected

Set Output text view to read-only

Culture conflicts due to multi-threading (This led to a buggy output visualization on PCs with many
cores)

Enable nextnano.NEGF to be run with HTCondor

Known bugs

HTCondor: .log-file transfer (overwriting in case of simultaneously running simulations with same
name)

Last update: 2025-10-16
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CHAPTER
EIGHT

FAQS

8.1 Features and Functionalities

* How do I produce 1D slices through the 2D plots in the GUI?

* [s there a way to produce a 1D (or 2D) plot of some result, for example the probability density with the
conduction band edge superimposed? In other words, can the GUI show multiple plots at once?

» What is the difference between “List view” and “Tree view”?
* How to prevent fonts from changing back to Calibli in the input tab?

* How can I add additional debug information to the LOG file?

e Can I pass additional command line arguments to the executables of simulation tools?

8.1.1 How do | produce 1D slices through the 2D plots in the GUI?
1. Visualize horizontal and vertical slices:
Menu View => Show Horizontal and Vertical Slices (or click on appropriate button)
2. Export horizontal or vertical slices:

Right-click on 2D graph, Export horizontal/vertical slice as data (.dat) or as image (.
png).

8.1.2 Is there a way to produce a 1D (or 2D) plot of some result, for example the
probability density with the conduction band edge superimposed? In other
words, can the GUI show multiple plots at once?

Yes, this is possible. Multiple output files can be shown at once, see Overlay feature documentation.

8.1.3 What is the difference between “List view” and “Tree view”?

In/For the Output tab of nextnanomat, you can switch between these options using: Tools ==>
Options ==> View ==> Output folder browser

List view is the default and shows a list of the top level output folders. Tree view additionally
offers the possibility of showing the subfolders within the output folder panel.

If you want to sort your output folders by date, List view is better suited.
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8.1.4 How to prevent fonts from changing back to Calibli in the input tab?

Problem
As our text editor is based on Rich Text Box WinForms its behavior may be sensitive to the
choice of your Keybord Language. Certain input languages for your keyboard, e.g., English
(Germany), may cause the editor to write in Calibri font instead of your selected editor font,
which you specified in Tools/Options/Editor.

© Note

Calibri is a default font of Windows.

Your desired font is restored upon saving the input file which updates the syntax highlighting.

Solutions
If you have other language settings already installed, you can consider switching between them
to see if one of them is supported. If so, then you can use this setting to write codes in the input
file with nextnanomat. You can do it using a shortcut Start + Space.

If you are lacking supported language settings for your keyboard, then go to Settings / Time &
Language / Language and Add a language.

Some known supported language settings for keyboards are:
* English (United States)
* English (United Kingdom)
* German (Germany)
* Polish
Known not supported language settings for keyboards are:
* English (Germany)

* Japanese

8.1.5 How can | add additional debug information to the LOG file?

Within the nextnanomat options Expert/Debugging some flags can be found which add additional
information to the log file. Please check the following flags and re-run the simulation so the log file
will include this information:

1. ‘Include simulation time in log file’
2. ‘Include memory usage in log file (units: MB)’

3. ‘Include additional debug information in log file’

8.1.6 Can | pass additional command line arguments to the executables of sim-
ulation tools?

Yes, this is possible. Go to Tools ==> Options ==> Expert settings ==> Command line

For nextnano®, one could wuse for instance: -database "D:\My folder\nextnano3\Syntax\
my_database_nn3.in

-threads 4

Last update: 25/10/2024
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8.2 Error Messages

e Error: File format is not valid
e Error: The specified executable is not a valid application for this OS platform.
* Licensing.dll cannot be found

» Error during license activation

* Unverified license

8.2.1 Error: File format is not valid

A beta feature in a recent Windows 10 version (1803) causes the following error message when starting
nextnanomat:

n: nextnanomat - ChProgram Files\nextnanot2019_05_21"5ample files\nextnano3 sample files\10GaAs_triangular_
File Edit FRun View Tools Help

Input Template  Template (Beta)  Simulation  Output
10Gahs_triangular_well_nn3in

E k= rdiclio

'_ |!AAAAAAAAAAAAAAAAAJ.J.J.AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA.
2 I (¢} nmnextnano GmbH
3 ' http:///wwW.nextnano.com/nextnanc3
E 1 http:/ /www.ng
5 |1awxxwannxxanxnd nextnanomat - ChProgram Files\nextnaneot2019_05_21\5ample files\next.. > &
& _
- — . n 4 Unhandled exception has occumed in your application. f you click 1
- | o | |' '. Continue, the application will ignore this emor and attempt to continue.
£ ! This input f1 I I you click Quit, the application will close immediately. E
5 1 b4
10 ' & =imilar tut File format iz not valid.
11 T — "Triangularx
12 (v http:/ /v Cortinue Qui Li
13 !
14 |! If you have 3 |Seethe end of this message for details on invoking ~ |
=T O —— jugt-intime (JIT) debugging ingtead of this dialog box. -4
16
= sesassessesess By contion Text *esessesseses
e ] System.Argument Exception: File format is not valid.
12 |! Variable sect | a System.Windows.Forms.RichTextBox.Streamin{Stream data, Int32 flags)
18 |l at System Windows.Forms. Rich Text Box . Streamin(String str, Int32 flags)

Figure 8.2.1.1: Input file format exception.

You can disable this feature in the Region’s settings of Windows (screenshot see Figure 8.2.1.2).
1. Select Additional date, time, & regional setting
2. Then Change date, time, or number formats
3. Go the the Administrative Tab
4. Click Change system locale...
5

. And finally you can un-select that Beta-Feature.
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L5 Settings = O X

@ Region

X Clock and Region
Country or region

4 » Control Panel » Clock and Region
| Germany

. Contrel Panel H .
[ Windows and apps ontrelFanel Home Date and Time
local content. System and Security Set the time and date Change the time zone | Add clocks for different time zones
Metwork and Internet q Region
. 5 Change date, time, or number formats
Reg|ona| form Hardware and Sound
Programs
Current format: En User Accounts M Region ®

- Appearance and P
| English (World) Perconalization Formats  Administrative

® Clock and Region

Windows formats Welcome screen ¥ Region Settings

) Ease of A
regional preferenc ase of Access

View and copy y

accounts and nd 2eiect which language (system locale) to use when displaying text in

that do not support Unicode. This setting affects all user accounts or
computer.

Regional form

Current system locale:

Select Change dat: |German (Germany)
time formats supp

Language for non

This setting (sys

Calendar: text in programs ]

First day of week:
Current langua —~
Short date:

[[JiBeta: Use Unicode UTF-£ for worldwide language support

German (Germany)

Long date:
Short time:

| GChangesyslem locale.. |

Long time:

Change data forma

Related settings

Additional date, time, & regional settings

Figure 8.2.1.2: How to change Windows 10 region settings.
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8.2.2 Error: The specified executable is not a valid application for this OS plat-
form.

If you get this error, you are executing an executable that is not suited for this operating system. There
are two possible reasons:

* You are executing a 64-bit version on a 32-bit operating system. Solution: Specify the location
of the 32-bit nextnano++ or nextnano® executables. Tools ==> Options... ==> Simulation ==>
nextnano executable file ==> 32bit.exe

* You are executing the Intel or Microsoft 64-bit executable that has not been compiled for your
rather old CPU. Our 64-bit executables use more advanced CPU instructions compared to our
32-bit executables. Solution: Use the 32-bit nextnano++ executable that has been compiled with
the Microsoft compiler. Tools ==> Options... ==> Simulation ==> nextnano++ executable file
==>nextnano++_Microsoft_32bit.exe

Sometimes the displayed error message does not contain any content apart from ERROR.

You can share information about your CPU with us using the menu Help ==> Generate System
Snapshot for Support and then send us the generated file nextnano_SystemSnapshot. txt.

8.2.3 Licensing.dll cannot be found

This error prevents the license check within nextnanomat. It is not a critical error as local simulations can still be
run without any problems, hence you can choose to ignore it. (Each product performs its own license check).

We recommend installing the Microsoft Visual C++ Redistributable version. Choose the corresponding version
matching your operation system architecture (most likely X64) from the section Latest Microsoft Visual C++
Redistributable Version.

This solution is assuming the .NET framework version is newer than 4.7. In case of uncertainty it can be looked
up within the Troubleshooting Snapshot text file which is documented here: Generate System Snapshot for Trou-
bleshooting. If .NET framework is below 4.7 a more recent version should be installed.

8.2.4 Error during license activation
There are multiple possible error sources. ..

Connection error
It can help to retry a couple of minutes or an hour later.

We are currently using the port 8001 to establish a server connection. If this port is blocked by your IT
department, a connection cannot be established. Either you can open the port or use the offline activation.

User cannot be found
Check for spelling errors in your license key. Also, make sure you are using the license key of this year and
not your previous one. If it cannot be resolved, contact support.

No licenses have been saved
This means a connection to the server has been established and a valid user has been found. But still no
license could be saved. It could be that the number of licenses exceeded, the xml reading process of the
license failed or the directory cannot be accessed. Please contact support to figure out the source of this
error.

If you are unable to resolve the error, please make a screenshot of the error message and contact nextnano support.

8.2.5 Unverified license

Problem
The error Unverified license in the License Type column of the simulation tab displayed by nextnanomat after
running a simulation.

Solution
We recommend installing the Microsoft Visual C++ Redistributable . Choose the corresponding version
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matching your operation system architecture (most likely X64) from the section Latest Microsoft Visual
C++ Redistributable Version.

Last update: 2025/07/09

8.3 Problems and Limitations

e The Window of the graphical user interface gets (too) small

* My simulations are still shown as running, although they are finished

8.3.1 The Window of the graphical user interface gets (too) small

On a high resolution screen with a Windows app scaling greater than 100%, it seems the Window size
of nextnanomat can be reset to 100% e.g. when starting a simulation. As a result, everything is quite
small and unreadable.

To avoid this issue:
1. Navigate to ‘nextnanomat.exe’ within Windows file explorer
2. Right click and select application properties
3. Go to ‘Compatibility’ tab
4. Change/Override high DPI setting
5. Select ‘System (Enhanced)’

8.3.2 My simulations are still shown as running, although they are finished

Sometimes the ending of a simulatiion process is not detected correctly. Please use this Run menu
function to manually trigger the inquiry, Check Simulations for Termination (beta)

Last update: 03/04/2025

Last update: 25/10/2024
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IN) nextnanomat.exe Properties X

General Compatibility Security Details Previous Versions

If this program isn't working correctly on this version of Windows,
try running the compatibility troubleshooter.

‘ Run compatibility troubleshooter

How do | choose compatibility settings manually?
Compatibility mode
D Run this program in compatibility mode for:
Windows 8

Settings
Reduced color mode

8-bit (256) color

Run in 640 x 480 screen resolution

Override high DPI scaling behavior.
Scaling performed by:

Application

Application

stem

System (Enhanced)
2 thos

progra

!;'Change settings for all users

OK Cancel Apply

Figure 8.3.1.1: Screenshot of application properties dialog.

© Note

From version number 5.0.0.0 onwards, the workflow manager and graphical user interface nextnanomat is DPI aware. If
you experienced this issue, please upgrade your nextnano software package.
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