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About This Manual

« This manual is a tutorial demonstrating use cases for Winmostar V11.
« For those using Winmostar V11 for the first time, please consult Beginner's Guide.
« For those who wish to explore the details of each feature, please refer to Winmostar User Manual.

« Those who wish to practice the contents of this manual are encouraged to attend a training
session.

— Winmostar Introductory Training Session:This guide only introduces the operation methods of
the Basic Tutorial.

— Winmostar Basic Training Session:We will cover the theoretical background, explanations on
interpreting results, operational methods of the Basic Tutorial, and procedures for some
tutorials beyond the basic level.

— Individual Training Session:You can freely customize the training content according to your
preferences.

« If you are unable to proceed with the operations as outlined in this manual, please first
consult _Frequently asked questions.

« If your issue is not resolved through the Frequently Asked Questions, for the purpose of
information accumulation and management, please contact us using Contact page. Attach files
generated at the time of the issue and provide steps to reproduce the problem.

« The copyright for this document is held by X-Ability Co., Ltd. Any copying or duplication of the
content in any form without the express permission of X-Ability Co., Ltd. is strictly prohibited.
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Overview

« This tutorial requires Winmostar V11 Professional Elite Edition.

« In this tutorial, we calculate the defect formation energy of various charge states for a
point defect in diamond. We begin by performing structural optimization on the
pristine model (defect-free) to obtain the total energy per atom (u), the valence band
maximum (E_V), and the conduction band minimum. Next, using a defective
supercell containing N atoms, we calculate the total energy E_d(q) for different charge
states q. Finally, we use these values to plot the defect formation energy E_f(q) as a
function of the Fermi level u_e for each charge state.

(Reference : Phys. Rev. B, 71, 035206 (2005).)

Ee(q) = Eq(q) — Nu+ q(Ey + te)

Note :

« The choice of k-points, type of pseudopotential, and cutoff energy can impact the calculation
results. In this tutorial, settings with reduced accuracy are used to obtain results more quickly.

« For a detailed explanation of Quantum ESPRESSO's calculation methods and settings, please see
the following article from our company:https://giita.com/xa member

« The calculated defect formation energy can be affected by the supercell size and whether
structural optimization is performed for the defective structure. Depending on the purpose of the
study, it may be necessary to compute correction terms to account for finite-size effects in such
calculations.
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Operating Modes of Winmostar V11

V11 offers two operating modes: Project Mode and File Mode.
This manual focuses on operations in Project Mode.

@ Winmostar (PREMIUM) V11.5.6
Eile Edit Select View QM MD Solid Add-On Jools Window Help

Ce-0A3-C BB O-M O O [ & @  sove MPAC v M2

Benenif 1+ @ @ D & H % % meemow ke 45 & & | Project Mode New Features in V11

¥ Recentprojects . . .
= — p— B Users can manage jobs without having to
R (5 Creste hew Project (30). manage individual files.

forSetup

toluene 0 crestenewproject (20).. : We generally recommend using this mode.

® Create new project (SMILES)...

¥ Project

e K3 Create new project (Import File)...
Options

File Mode

Users explicitly create and manage
individual files.

The operational procedure is the same as
from V10 and earlier versions.

File mode (V10 compatibility mode)

D Create New File...
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A. Modeling of the System (defect-free)

« Please refer to QE Basic Tutorial for the basic operation method.

« For detailed instructions on creating the initial structure, please refer to Winmostar
User Manual section 5, 'Structure Building'.Here, we load an existing molecular
structure file.

A. Launch Winmostar and click on Create New Project (3D). If Winmostar is
already running, click File | Close first.

Enter ‘diamond defect ge' in Project name and click Save.
C. Click File | Import | Sample File | dia.mol2

-If you wish to load a different file at this stage, use File | Import File instead.
D. In Import File dialog, click Discard and import.

o
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B. Execution of Calculation (defect-free)

o

Select Quantum ESPRESSO from Solver in Toolbar and click 4 (Workflow Setup).
Set Preset to ‘Optimize (Atom & Cell)’, then change the Pseudo file to pbe-

*rrkjus_psl*.upf and set # of bands to “30% more”.

Click OK in Quantum ESPRESSO Workflow Setup window, then make appropriate

settings in Job Setting window before clicking Run.

~ | (modified)

— O >
#of Jobs: | 4+ I:l .
ble parameter fstructure scan Config...

@ Quantum ESPRESSO Workflow Setup
Preset | Optimize(Atom&Cell)
1st job
Task Optimize{Atom&Cell) -~
e
# of bands 30% more
Spin Mon-polarized
Pseudopotential
Type All ~
Functional all ~
Pseudo file | pbe-*rrkjus_psl. *.upf
Precision Medium v OmMetal
Reset... Import... |T Export...

35.0

ugagest: 37 Ry)

ify cutoff energy

orst-Pack

Properties

[Joos

PDOS Lowdin
rge

d structure

« | []Use Bravaisattice index

+ -

Phonon (OFFT) | Disabled

Pressure [kbar]

o

[] Charge density [ ] Phonon DOS

O Potential/

Work func [JPhonon band

[ pielectric func [ JMMR

Details. ..

N
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B. Execution of Calculation (defect-free)

Note: If the calculation terminates abnormally, please repeat the following process until
the calculation successfully ends.

A. The workl_QE_Relax calculation terminates abnormally (status:ABORT) because it
fails to satisfy all convergence criteria for energy, forces, and pressure. Therefore, the
structural optimization will be executed again.

B. Click ™ (Workflow Setup), and when prompted with “Do you want to continue run?”,
click Yes. Then select workl_QE_Relax and click OK. If the message “---Do you want
to ignore and continue?” appears, click Yes to proceed.

After adjusting the settings as needed in the Job Setting window, click Run.

D. The work2_QE_Relax calculation terminates abnormally too (status:ABORT) because
it fails to satisfy all convergence criteria for energy, forces, and pressure. Therefore,
the structural optimization will be executed again.

E. Click ™ (Workflow Setup), and when prompted with “Do you want to continue run?”,
click Yes. Then select work2_QE_Relax and click OK. If the message “---Do you want
to ignore and continue?” appears, click Yes to proceed.

F. After adjusting the settings as needed in the Job Setting window, click Run.
@ select working folder - O X

O

Select the working folder which you want to continue the job from

Marme /I Status Frofile Output Location Description

| work! QE Relax x Local Job Local
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C. Analysis of Results (defect-free)

A. Once the Status of work3_QE_SCF changes to END, click Log (Extracted) from the
Action menu.

B. Once the log is displayed, scroll down to the bottom and locate the line that starts with
‘I Total energy’. Note the total energy value shown on this line. Also, check the line
above that reads ‘highest occupied, lowest unoccupied level (ev):’, and record the values
for the valence band maximum and conduction band minimum.

¥ Project
Working Folders (diamond_defe: Options ¥ I @ Extracted Log (C¥winmes11¥UserData¥diamond_defect_ge.wmpjdata¥work3_OE_Relax¥pw.pwout)  — Ll A
0.ooooo0ono —0.00000000  —0.00001726 o.oo -0. 00 -2 .54 s
Name Status highest occupied. lowest unoccupied lewvel (ew): 13.3796 17 5735
total energy = —23.88563272 Ry
work1_RE_Relax ABORT =timated =scf accuracy < 0.00000001 Ry
|'c, L gork? @F Relax he total energy i= the =um of the following terms:
- ne—electron contribution = 8.17187476 Ev
artree contribution = 1. 94620544 Ry
- contribution = —8.40840377 Ry
ewald contribution = —-25.59530915% Rv
convergence has been achieved in 2 1terations
Total force = 0.o000000 Total SCF correction = 0.o000000
total =tress (Ry-bohr**3) {lkbar) P= —-0.0e
—0.00000044 0.0ooo0o0oo -0, 00000000 -0.06 0.oo —0. 00
—0.00000000  -0.00000044 -0 00000000 -0.00 -0.06 —0. 00
—0.00000000  -0.00000000  —0.00000044 —0.00 —0.00 —0. 06
bfg= converged in 3 =cf cycles and 1 bfg=s =tep=
Acﬁm (m—m—ml E. ?'i m 1 péH?rﬁT kT = 5 dpl-l'l ME
i N highest occupied. lowest unoccupied level (ev): 13.3762 17 .5716
f‘_‘ Coordinate (Initial) ! total energy = —23. 88562850 Ry
eztimated =ci accuracy < U uoouols Ky
'.':' Coordinate (Final) The total energy is the sum of the following terms:
— one—eslectron contribution = 3.17316862 Ry
Log A hartrese contribution = 1.94407868 Ry
F w ot ot emn = —R ANT7EARARE Far
| Log (Extracted) (

SCF Energy Change \I
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D. Modeling of the System (defective model)

A. Finally, in the Action menu of the successfully completed work2_QE_Relax, click
Coordinate (Final).

B. Click Solid | Convert Lattice to revert back to the conventional cell. If you see the
message 'You are not allowed to save in format of the file---', click Yes.

¥ Project |

Working Folders (diamond_defe: Options ¥
Hame Status
wor k1_0E_Re lax ABORT
b work2_RE_Relax EWD

Action (work2_QE_Relax)

d Coordinate (Initial) / I_

[d Coordinate (Final) <

Log
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D. Modeling of the System (defective model)

A. Click Solid | Generate Supercell---
B. Set the values of a, b, and c to “2”, and then click OK to apply the changes.

@ Generate Supercell - O d
W3 a b

3 . Flk Ek
a te bo

=

L.

N=64 rho= 3.525gfcm"3

a=7.128b=7.128c=7.128
alpha= 50.000 beta= 90.000 gamma= 20.000
OK
[-] ] + 100%
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D. Modeling of the System (defective model)

A. @ Click Delete Atom, and when prompted with “Are you sure you want to delete 1C?”,
click Yes. Then confirm that the number of atoms has been updated to 63 (N = 63).

) M= 63 CBH3 M= 756.69

}Marked Order:1 -2-3-10
deistom: XK= 0A9B8ET = 2 6723
= urd q9 A ] 139 4 T

} alpha= 90.00000 heta= 90.00000 gamma= 30.00000

VU winmostar copyright 2008-2025 X-Ability Co., Ltd. Powered by ChatGPT-4 12



E. Execution of Calculation (defective model)

A. @ Click (Workflow Setup), and when prompted with “Do you want to continue
run?”, click No.

B. Set the Preset to ‘'SCF’, then enter ‘% WM_SCAN1%’ for Charge, and change the
Pseudo file to pbe-*rrkjus_psl|*.upf.

C. Click Details.

@ Quantum ESPRESSO Workflow Setup - O et

Preset |scF ~ | (modified) il )

able parameter fstructure scan Config...

1st job T
Task Energy “ 35.0 0.0
Ry)
Charge [g] %eVVM_SCAM l%l cify cutoff energy Phonon (DFFT) | Disabled e
# of bands Default ~| R Monkhorst-Pack ~ | []use BravaisJattice index
Py 237)

Spin Mon-polarized

Pseudopotential Properties

Type Al w [Oopos [[] charge density [ ]Phonon DOS

) PDOS Lowdin Potential/
Functional Al w O o ] Work func [T]Phonon band
Pseudo file | pbe-*rrkjus_psl. ®.upf nd structure [ Diglectric func  [JNMR

A

Precision Medium v [OMetal | Details... bﬁl

Reset... Import... |" Export... 0K Cancel
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E. Execution of Calculation (defective model)

« Set occupations to ‘smearing’, then click OK.

(Defect levels that appear within the band gap can negatively affect SCF convergence,
so smearing is applied. Although the calculation conditions should be kept consistent
between the defect-free and defective models, setting Metal in the Workflow Setup

window can unintentionally change other parameters. Therefore, we apply smearing
directly via the Keyword Setup window instead.)

@ Quantum ESPRESSO Keyword Setup - O X
Preset £
RISM (1) RISM (2) Others Preview Options Properties Pseudopotential
Basic Advanced Spin/DFT -+ Phonon NMRLJEFG MD Dipole Corr ESM
restart_mode Automatically set ~ | [setibrav = 1and celldm
calculation |scf vl ecutwfc |35.D |
(Suggest: 37Ry)
# of bands Do ot specify ~ | Ecut for US/PAW Specify ecutrhofecutn
(# valence bands: 125) {Density)
126 315
0 ecutrhofecutwfc |9. |
K_POINTS | automatic(by Spacing) | tot_charge |%v-rM_s-:AN 1% /1
(Spacding) [A~-1] |D.SU occupations
222000 nong
nong
[ tprnfor [tstress
[J5et default k-path

Crosym [ noiny

Reset... Import... Export... Cancel &( Run
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E. Execution of Calculation (defective model)

A. Check Enable parameter/structure scan, then click Config. (This feature is
available only in the Professional edition Elite.)

B. Click Enter Step---, then enter “-4” for Minimum value, “1” for Interval, and “7” for
Number of steps.

C. Click OK in the Parameter/Structure Scan window.
D. Click OK in the Quantum ESPRESSO Workflow Setup window, adjust the settings
as needed in the Job Setting window, and then click Run.
@ Parameter/Structure Scan — O *
o = X Variable # Values e
modifies oF Jobs: _ BWM_SCAN1% 1 Target Variable:
. } Fer * SRVWM_SCAN1%: v
[*|Enable parar;eés;fdsig:s::lrf scan; Yahues:
V ¥+ ~ dummy
[Ryl [35.0 0.0
IN
) Enter Step... I
2y

0K Cancel
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F. Analysis of Results (defective model)

A. Once all jobs from work3_QE_Relax to work9_QE_Relax have the status END, click
File | Project | Parameter/Structure Scan Results.

B. Click Draw, then go to Options in the lower-right corner of the graph and select
Export csv & Open Excel. When the save dialog appears, click Save.

C. Once the CSV file opens, check the total energy (in Ry) for each charge state.

@ Parameter/Structure Scan Results — O e
@ Chedk all Uncheck Al Check Selected
-747 5
748.0 Working Folders Solver Param1
workd_QE_SCF QE -4
-748.5 @ works_QE_SCF QE -3
7490 works_QE_SCF QE -2
work7_QE_SCF QE -1
7495 works_QE_SCF QE Parameter 1
F 750.0 1 workd_QE_SCF QE 1
2 s Dwonocesor e 2 -4 -747.3538115
T = -
c
5 7510 t -3 -T48.5700222
o
T 7515
-7 -749.7388543
-752.0 *
e -1 -750.8609651
-753.0 @ Solver: Quantum ESPRESS0O [:I _ ?5 1_93?[]589
-7535 X Axis Parameter 1 ~ 1 ?52 96?5631
T 30 20 10 10 S0 Yaes [z =T v !
Parameter 1 E—— m— 2 -753.9452054
Show Setting Draw
(Initial) Copy Image g E
(Final) 0nc
1C
2 G
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F. Analysis of Results (Defect Formation Energies)

From this point on, we will use external graphing tools instead of Winmostar. For each
charge state q, plot the defect formation energy E _f(q) as a function of u_e using the
following equation. To convert units, go to Tools | Unit Converter. Set the upper limit
of the x-axis (u_e) to the energy difference between the conduction band minimum and
the valence band maximum obtained from the defect-free model on page 9. An example
plot is shown on page 18.

E¢(q) = Eq(q) — Nu + q(Ey + )

o Doembon -0 | q-1 .

2 Gh)  Total energy of the defective model at -751.9370589 Ry -752.9675631 Ry

charge state g (obtained on p.16) =-10230.62487 eV =-10244.64560 eV

Number of atoms in the defective model 63 63

U Total energy per atom of the defect-free  -23.88562850 Ry =+ 2 -23.88562850 Ry + 2
model (from page 9) =-324.9805314 eV+ 2 =-324.9805314 eV 2

Ey Valence band maximum of the defect- 13.3762 eV 13.3762 eV
free model (highest occupied level from

page 9)
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F. Analysis of Results (Defect Formation Energies)

I

R T N N e R e
) 9
40 Voo Lo N\ T~
= vV —
O VO ———
T 3 V.
& -2
E 2 V_3 ..................................................................................................................
L V4 —

1 V.

00 05 10 15 20 25 3.0 3.5 4.0

Electron chemical potential / eV
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Finally

« For detailed information on each feature, please refer to Winmostar User Manual.

Indicates a character st

Winmostar User Manual Scenes from Winmostar Training Session

« If you wish to practice the contents of this guide, please consider
attending Winmostar Introductory Training Session, Winmostar Basic Training Session,
or Individual Training Session. (See page 2 for details.)

« If you are unable to proceed as instructed in this guide, please first
consult Frequently asked questions.

« If FAQs do not resolve your issue, for the purposes of information accumulation and
management, please contact us through Contact page, detailing the steps to
reproduce the issue and attaching any generated files at that time.
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