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Device Studio Manual

Welcome to Device Studio. Device Studio is free for academic use. This tutorial provides de-

tailed instructions for the Windows version of Device Studio.

Device Studio (DS for short) is a multi-scale materials design and simulation platform developed
by Hongzhiwei Technology (Shanghai) Co., Ltd. It enables atomic-level material modeling
(million-scale), high-performance scientific simulation computing, computation task mon-
itoring and management, and data visualization analysis in an integrated workflow. This inte-
gration of material design and scientific simulation significantly enhances research efficiency and

helps researchers address important challenges in multi-scale materials design and simulation.

Device Studio integrates various scientific computing software to meet users’simulation needs
across different fields. It includes DS-PAW for first-principles plane-wave calculations, BDF for

quantum chemistry calculations.

Based on its powerful material design modeling and high-performance scientific simulation ca-
pabilities, Device Studio can be widely applied in quantum devices, artificial biology, advanced
batteries, intelligent lighting, memory devices, and other industries. It assists in material research
and development in electronic materials, alloys, biotechnology, and other fields, providing pro-

fessional technical support for optoelectronics and integrated circuits industries.
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CHAPTER

ONE

INTRODUCTION TO DEVICE STUDIO

Device Studio as a multi-scale materials design and simulation platform consists of four main mod-
ules: Atomic-level Material Modeling (Million-scale), High-performance Scientific Simula-

tion Computing, Computation Task Monitoring and Management, and Data Visualization.

1.1 Atomic-level Material Modeling

1.1.1 Import and Export of Various Material Structure Files

Device Studio platform supports importing structure files in formats such as .hzw, .xyz, .cif, .
xsd, scf.input, .py, POSCAR, CONTCAR, .mol, and . pdb. It also supports exporting structure

files in formats such as .hzw, .xyz, .cif, and .png.

1.1.2 Visualization of Molecules, Crystals, Devices, and Special
Structures

Once a material structure file is imported into Device Studio, users can view the structure’s 3D
visualization in real-time in the main window. Users can zoom in/out, rotate, or pan the 3D view;
view the structure from any plane (ZY, XY, XZ, YZ, YX, ZX); and choose between orthographic

or perspective view modes for the 3D visualization.
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Device structure: Au-Alkanethiol-Au Cluster structure: Icosahedron Cluster structure: Cubooctahedron

1.1.3 Support for Atomic Structure Refinement
* The Device Studio platform supports adding, deleting, and modifying atomic structures.

 Users can choose between ball-and-stick or polyhedral display modes for atomic structures;

users can adjust the transparency of polyhedra.

* Users can modify the color, radius, and lighting of atoms of the same element, multiple

atoms, or individual atoms in the structure.

» Users can select and apply Device Studio initial templates, and can customize colors, radii,
lighting, and background parameters based on research needs or personal preferences to

create and apply user-specific templates.

4 Chapter 1. Introduction to Device Studio
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(a) Hide equivalent atoms (b) Show equivalent atoms

3D view of the Si;;03, crystal structure in
ball-and-stick mode

(a) transparent (b) opaque

3D view of the Si;¢O3, crystal structure in
polyhedral mode

1.1. Atomic-level Material Modeling 5
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I= Structure Refinement Module-[Si16032] - [m] x

File Edit

» E A (38 -l DE

Atoms Model Rendering Selection
Style & Label Col &) Lbl A
o o} © 0.78 =
va@s @ 10 -
Q si1 © 130
Q siz © 130
Q si3 © 130
Q Si4 © 130 =
0 Si5 © 130
Dse @ 120 —~
Q si7 © 130
Q si3 © 130
Q si9 © 130
0 Si10 © 130
Qs @ 120~
=] si12 130
sQ@u: @ 1w~
< >
Device Studio Atomic Structure Refinement Interface
E% Setting — O x
Template Device Studio template 2 -
Atoms Model Rendering Selection
Style & Label Col A} R
H 9 033
He 122
o Li 078
Be 045
B 093
Dc 078
Ni N 078
o . o ) 078
: Q F 074
Ne 160
Pt
. Ma 1.07
Ds Mg 120
L Al 145
Gd
N Q si 130
Q P 115
c
i 5 112
cl 109
Ar 192
0 K 143
L4
Default QK Cancel Apply

Device Studio Initial Template
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1.1.4 Rich Material Database

* Local Database: Currently contains over 500 commonly used or popular materials, with

continuous updates and expansion planned.

* The Device Studio platform supports the online Materials Project database. Users can
connect to this database through the platform to search and import structures, and view

information such as space group symmetry and atomic coordinates.

I% Import from Materials Project X
|os2 | [ seazen |
full formula spacegroup 2
Mo1B8536 Pmmn
Mols2 P-3m1
Mol152 R3m
Mol152 R-3m
ModS8 P-3m1
Mol152 P-am2 h
# generated using pymatsen ~

data Mo32
_symmetry_space group name H-N ‘P 1’
cell_lensth_s 3. 19031538
cell lensth b 3. 19031538
cell length ¢ 14 87900400
cell_sngle_salpha 0. 00000000
cell_angle beta  90. 00000000
cell_sngle_gamma 119 S958873%
symmetry_Int_Tables_number 1
chemical formula structurasl  MoS2
chemical formula sum ' Mo2 54
cell volume  131. 15105418
cell formula units Z 2
loop_
_symmetry_equiv_pos_site id
_symmetry_equiv_pos_sas_xyE w

Add

1.1.5 Creation of Molecules, Crystals, Devices, and Special Struc-
tures

* The Device Studio platform has powerful modeling capabilities, supporting the creation of

various molecules, crystals, devices, and special structures.

* It can automatically cleave crystal planes and match device structures based on matching

precision; it can match and construct crystal and multilayer film structures.

* It can generate special structures such as Nanoribbons, Nanotubes, clusters, grain bound-

aries, and random doping.

1.1. Atomic-level Material Modeling 7
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Device Studio Platform Building 2D Molecular Structure

2 Molecule - o x
File Edit
B HE @ wol b +=g o X Lk @ §
es & X
[
]
Bond Tab
Name X A4 z
C -9.255 0.677 -1.011
H -10.024 -0.061 -1.426
H -9.129 1.481 -1.813
H -9.665 1.167 -0.061

ApplyData

Device Studio Platform Building 3D Molecular Structure
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F= Crystal
Lattice

Space group 225 FM-3M -
Bravais lattice Cubic: Face Centered

a 5.824 | g 50. 00° | b/a |1
b 5.824 | & 50. 00° | /e |1

!

pl, p2, pd are in fractiocnal coordinates.
Element pl p2 p3
Ma 1] 0 0
cl 0.5 0.5 0.5
Preview style
O Primitive cell
i§] Conventicnal cell
Show equivalent atoms
Freview Build Symmetry operations
Device Studio Platform Building Crystal Structure
I Device

Choose one structure to build

.
- H

L-R structure

L-C-R structure B-T structure

B-C-T structure

F-B structure F-C-B structure
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=
Ea sdvanced
Left electrode [raterial/3Dmaterials/Semiconductor/Inis hew v |
Center [o/zaterial/armaterials/Semiconductor/si. haw ~|
Right slectrods [zaterial/3Dmaterials/Semiconductor/Inds. haw |

N\

Mismatch:0 92\%
Area-108. 47

1 2
Mean Abscolute Strain in %

D(LC)|'_. 1843 L plo) |2.21707 i p(Rc) |0. 682276

Freview Build Cancel

I% BP-zigzag.hzw I% BP-armchair.hzw

Device Studio Platform Building Flexible Device Structure
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1.1.6 Interconversion of Molecular, Crystal, and Device Structures

The Device Studio platform supports interconversion between molecular, crystal, and device

structures.

L T e T = 13 Crystl-Ni-armchair Graphenedhow = L T e 2=

molecular structure: Ni-armchair graphene  crystal structure: Ni-armchair graphene device structure: Ni-armchair_graphene

1.2 High-performance Scientific Simulation Computing

* Multiple Computing Software Ready to Use.

Device Studio integrates various scientific computing software that are ready to use, meeting
users simulation needs across different fields. It includes DS-PAW for first-principles plane-wave

calculations, BDF for quantum chemistry calculations.

1.3 Computation Task Monitoring and Management

* Connection to Supercomputing Servers and Local Computers.

Using the Device Studio platform, users can automatically connect to supercomputing servers
and local computers, switching between server and local computer usage with one click based on

computational needs.
* Computation Task Monitoring and Management.

Through the Device Studio platform’s graphical interface, users can submit various scientific sim-
ulation software computation tasks with mouse clicks, without needing to master Linux systems.
Users can monitor computation task status in real-time (queued, computing, completed), and re-
sults are automatically retrieved locally upon completion, significantly reducing the learning curve

and operational difficulty for beginners.

1.2. High-performance Scientific Simulation Computing 11
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1.4 Data Visualization

» Data Visualization of Computation Results.

The Device Studio platform can automatically analyze scientific simulation computation results
and generate data visualization graphics. Users can switch between 3D, 2D, or 1D data visualiza-
tion graphics with one click, and can export visualizations in formats such as .png, . jpg, .bmp,
.pdf, .tif, and .eps. For dynamic visualizations such as motion trajectories, users can export

the visualization graphics as . gi f animations.

Band Structure Band Structure Unfolding

10 T \

S

i 3
|
|
|
L

Energy (eV)
o

-10

E
[o]
@

CHGCAR(3D) Difference Charge Density
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Local Density Of States Total Electron Density

Energy (eV)

Total Electron Density (3D) Eigen States (3D)

* Visualization Graphics Editing.

For visualization graphics, the Device Studio platform provides editing functions such as zoom
in/out, rotation, Colorbar display options, Colormap selection, modification of axis ranges, and

customization of title and axis font types, sizes, and bold settings.

1.4. Data Visualization 13
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CHAPTER

TWO

QUICK START GUIDE

This Quick Start Guide uses the Self-consistent and Band Structure Calculation of Si Crystal
Structure in the first-principles quantum transport calculation software Nanodcal as an example.
It is divided into several steps, including logging in and starting Device Studio, creating a Device
Studio project, importing the Si crystal structure, generating self-consistent and band structure
calculation input files, submitting self-consistent and band structure calculation tasks, data vi-
sualization of the Si crystal structure band structure, and exporting band structure visualization

results.

2.1 Login and Start Device Studio

Double-click the DeviceStudio.exe file in the bin directory of the extracted Device Studio instal-
lation package or the Device Studio shortcut on your desktop. The login and startup process is

shown in fig. 2.1.

15
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En X

Welcome

1. type inusername v

r W2 %ype.in password ®
- Remember password  Forgot password?

Device Studio

No account? Create one or offline

Have read and agree to the
' . . »
HZWCloud Data Synchronization Agreement

fig. 2.1: Login and Start Device Studio

2.2 Create a Device Studio Project

After logging in and starting Device Studio, you can create a Device Studio project. The project

creation process is shown in fig. 2.2, fig. 2.3, and fig. 2.4.

B} Welcome to Device Studio

Use the controls below to create a new project or open an existing project.

® Create a new Project

O Open an existing Project

/Documents/DeviceStudioProjects/BleviceStudio2022B-2022112% hpf Browse

Getting Started Guide =~ Example Visualizations
MTEE =4

Exit

fig. 2.2: Create Project

16 Chapter 2. Quick Start Guide
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= New Project *
4 > EEEE s ST > DeviceStudioProjects v o £ 7E DeviceStudioProjects ...
|a v g = @

o source = . S =m o -
\j' = || 3D Molecule-test 2022/8/5 14:02 g
@, OneDrive - Pers: \j BDF 2022/2/18 15:19 i
|| BDF-20220422 2022/4/28 16:43 e
s | | Device Studio 2002/7/7 20:00 e
BT || Device Studic 20224 202211175 15:47 Tl
B ma || ps2021e 2022/10/20 9:39 it =
Sl || DS-paw 2021/11/17 15:19 p-d =4
o [ | LAMMPS 2021/11/10 14:42 T
3T | Nanodcal 2022/7/7 14:58 s
- || Nanaskim 202277 20:07 et =S
b B | Test DS20228 2022/11/16 10:47 it
= =A I Toes 2021/3/18 13558 rigss
& Windows (C) || Untitled 2021/4/9 17:25 ik
- DATAT (D) || Untitled1 2021/4/15 14:46 hoat=S
@ R || Untitled2 2022(7/25 13:23 S
= || Untitled3 202174/27 10:43 e

5 B u,“e‘u 2022/3/16 9:47 T v

o) [T | v

[REFSEUT): | Project Files (*hpf) v

\ e
~ EETES [(mme ]| ==

fig. 2.3: Name the Project

K2 Device Studio E e - o x
File Edit View Build Simulator Window Help

Device Studio project file

Symmetry System

Properties

| Job Manager 8 x

e o ) o [l

Description Script Status. Actions. Process

fig. 2.4: Device Studio Interface After Project Creation
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2.3 Import Si Crystal Structure

The process of importing the Si crystal structure is shown in fig. 2.5, fig. 2.6, and fig. 2.7.

IR Device Studio

File it View Build Simulator Window Help

Jew Project Ctrl+M L 3 .
B n Project Ctrl+0 F}R@@s% ﬁ'ﬂl@
! Project Ctrl+S EI

4] N 3

[ imeort] e [ §) import Local
Export e

Options

#| Import Online

Exit Alt+F4

fig. 2.5: Open Import Structure Interface

18 Chapter 2. Quick Start Guide
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K= Import File

« i «

DeviceStudio20228 »_material > 3Dmaterials Semiconductor

a7 v

= B
1-EFHE

@ images

@ source

3]

@ OneDrive - Personal

0 s
i EDPSE ]
R
= B
5 3
¥ =
=3
W =3
‘2a Windows (C:)
- DATAT (D3)

o s

2 Device Studio - [Sihzw]

File Edit View Build Simulator Window Help

= B-#
Froject
E_Untited16

Properti

Properties Value

Path to structure file

H cdse.hzw 2016/6/29 12:5 ZW i
B cdehzw 2016/6/29 12:5 HZW 374
B GaAshzw HZW 37{%
H Garhzw 2016/6/29 12:5 HZW zi%
H Gasp.hzw 2016/6/29 12:5 IW i
aGe.zw 2016/6/29 12:5 HZW 3244
B HoShzw 2016/6/29 12:5 4
B HgSe hzw 2016/6/29 12:5
B HoTehzw 2016/6/29 12:5
alnAhzw 2016/6/29 12:5 HZW 24
[ = JLA = HZW 7%
B insdhzw 2016/6/29 12:5
B Mo¥2.hzw 2016/6/29 12:5 ;
|Bsitv |© HEW it
Bl siC_beta.hzw 2016/6/29 12:5 HZW 745
B snhzw 2016/6/29
B zn0.hzw 2016/6/29 12:5
B zns.hzw 20 29 12 B
B znSe.hzw 2016/6/29 12:5 HZW 2f% B -

_— o All b (*hzw *xyz *.cif *xsc v

fig. 2.6: Import Si Crystal Structure

A A-OER I+ 4R Han H-E-B-E- 838 = o0 o

log in lecal successfully ) |G

Description Script Status Actions Process

fig. 2.7: Device Studio Interface After Importing Si Crystal Structure
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2.4 Generate Self-consistent and Band Structure Cal-
culation Input Files

The process of generating the Si crystal structure self-consistent calculation input file is shown in

fig. 2.8, fig. 2.9, and StartedGuide_10.

The process of generating the Si crystal structure band structure calculation input file is shown in

StartedGuide_11, fig. 2.10, and fig. 2.11.

1 Window Help
2 Structure Optimization
E5 BDF b |Electronic Structure |3
© MOMAP NEB
AIMD
Vibration

Analysis Plot

fig. 2.8: Open Generate Self-consistent Calculation Input File Interface

20 Chapter 2. Quick Start Guide
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Electronic structure

Task Solver setting Physzical setting
Property Calculation Selected
fscr | —— (SCF
DensityOfStates
BandStructure .
Potential y
ELF
PartialCharge
Wannier

-

=
input. in structure. as

Advanced

SCF

(] Patential type 411
B vave functions
a Charge density
. [[J Electron Localization Function(ELF)
N [] optical Grid 2000
Bader

olarization

D DengityfStates
Enerzy ze =10, 10
Energy resylution 0.05

Projected false

Smmetry k-points TEGEWEGLUWLE

E-points per segmend 20

Total band

Projected

Path

¢

e¥

fig. 2.9: Set Parameters and Generate Self-consistent Calculation Input File

2.4. Generate Self-consistent and Band Structure Calculation Input Files

21



Device Studio Manual

Electronic structure

Task Solver setting Phyzical =zetting Advanced
Property Caleulation Selected
BandStructure
SCk i SCh High E—points path
DensityOfStates |_—[BandStructure [i
BandStructure — Smmetry k—points DEXGEWEGLUWL Path
Potential K-points per segment 20
ELF
PartialCharge Tatal bands
Wannier Smearing type Gaussian -
Smearing width 0.05 eV
Projected false -
C] Bandstructure unfolding
- PrimitiwellVW
<= U 1.00 ¥ 0.00 =
o000 - 0.00 =
o000 s Loo 2
input. in ztructure. as
Generate files Cancel

fig. 2.10: Set Parameters and Generate Band Structure Calculation Input File
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R Device Studio - [Si2.hzw]
File Edit View Build Simulator Window Help

BB H-# R D Q¢ M-IOEK 7 L h EE-e -
Project 5 x
= untitled3
v (@ si2.hzw

A Si2

v DS-PAW-ES

input fi

[ structure.as

[7] DS-PAW.log
[4 rho.json
[ bandin |input
[ band.json
Properties & X
Symmetry System
Properties Value

Vectorh ey |3 88915 0. 00000

fig. 2.11: Device Studio Interface After Generating Band Structure Calculation Input File

2.5 Submit Self-consistent and Band Structure Calcu-
lation Tasks

First, perform the self-consistent calculation for the Si crystal structure. The process of submitting

the Si crystal structure self-consistent calculation task is shown in fig. 2.12 and fig. 2.13.

ER Device Studio - [Si2.hzw]
File Edit View Build Simulator Window Help

HE B-® R A-TER 55
Project g X
B2 untitled2
vl Si2.hzw

~ Si2

~ DS-PAW-ES
A scfin ' i
] struci 2

Open with

Open Containing Folder

fig. 2.12: Submit Self-consistent Calculation Task Step 1
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Run X

Basic

Gateway location: LWS(3.93. 26.181) -
Fun parallel on: 1 - of 18 cores
Nodes=

Number of nodes 1 =
Number of tasks per node 48 5
job script

#!/bin/bash

HSBATCH —J DS-Paw

H#SBATCH —o _out. dat

HSBATCH —& _err. dat

#SEATCH -N 1

H#SBATCH — 4

# load the neesded environment path

cd $SLURM_SUEMIT_DIE

zource /data/hzwtech/profile/T5—PAW, env

DS—PAW —mpi mpirun —mpiargs ~—map—by

Import l Save hd
Fun l Cancel

fig. 2.13: Submit Self-consistent Calculation Task Step 2

B Device Studio - [Si2.hzw] =) - o x
File Edit View Build Simulator Window Help -
=R Iy > O & 3 P 1] st oA X TR LS el N
HBR B-8 R Qp A Lal - RN
Project 8 x ]
= Untitled3 =
v & si2.hzw
v si2 LOOP 1:
v 1 DS-PAW-ES
W) scfin # iter | Etot(eV) aE (ev) time
1 # 1 | -215.346959 -2.153470e+02  0.048 s
B structure.as #2 | -216.954006 -1.607137e+00 0.053 s
] DS-PAW.log # 3 |  -216.957306 -3.210086e-03  0.033 s
[@ rhojson # 4 | -216.957330 -2.446070e-05  0.088 s
# 5 | -216.957330 -3.768150e-10  0.032 s
# 6 | -216.837469  1.198615e-01 0.055 5
# 7 | -216.781767 5.570146e-02  0.050 s
# 8 | -216.783565 -1.797136e-03  0.043 s
# 9 | -216.783725 -1.603937e-04  0.061 s
# 10 | -216.783748 -2.332664e-05  0.041 s
Calculating force and stress: 0.016 s
Total calculation time : 0.530 s
- Band Info from Band Eigenvalue analysis:
Properties 8 x Ferni energy (eV, :
Symetry Systen Bandgap (eV) :
Conduction band minimun(eV) :
Properties Value Valence band maximum(eV)
el
a AR Thanks for using DS-PAW. See you next time.  hE#kHRH#EY
VectorB (vz) | 2aasng o (EEIIE ---- Hongzhiwei Technology (Shanghai) Co., LTD.  hh######Y
e npung 2025/05/22 03:13:14  #tdttied]
ctorC Govz) |} {aaang MO [annunsany b Hh #he HRERRERRER RS
1 M
ISt eiehre2 of 40,58 Tob Manager File editing. 8 x
Chemical R sttp log in successfully shell log in successfully R L SBS
Fornula
Description Script ommit Statu  Status Actions Process
Si2/DS-PAW-ES  D/syyl/Untitled3/Si2/DS-PAW-ES/scfin 4 B
scf calculation finished

fig. 2.14: Device Studio Interface After Si Crystal Structure Self-consistent Calculation Comple-

tion
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Only after the self-consistent calculation is completed can the band structure calculation of
the Si crystal structure be performed. You can determine whether the self-consistent calcula-
tion task is completed through the Computation Task Monitoring Management Area. When
the calculation task is queued, running, or completed, the Status will be Queued, Running, or
Completed respectively. The Device Studio interface after the Si crystal structure self-consistent
calculation is completed is shown in fig. 2.14. The process of submitting the Si crystal structure
band structure calculation task is shown in fig. 2.15 and fig. 2.16. The Device Studio interface

after the Si crystal structure band structure calculation is completed is shown in fig. 2.17.

IR Device Studio - [Si2.hzw]
File Edit View Build Simulator Window Help

HA - # RlG QP & TEK| 55

Project g X
IR untitled3
v = Si2.hzw
v Si2
v DS-PAW-ES
(] scfin

(] structure.as

(1] DS-PAW.log
[ rho.json 1
[ band.in | . ]

-‘“""'--l Run | 2

Open with

Open Containing Folder

fig. 2.15: Submit Band Structure Calculation Task Step 1
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Run X
Basic
Gateway location: LWS(3.93. 26.181) -
Fun parallel on: 1 - of 18 cores
Nodes=
Number of nodes 1 =
Number of tasks per node 24 5
job script

#!/bin/bash

HSBATCH —J DS-Paw

H#SBATCH —o _out. dat

HSBATCH —& _err. dat

H#SBATCH N 1

H#SBATCH —n 24

# load the needed environment path

cd $SLURM_SUEMIT_DIE

zource /data/hzwtech/profile/T5—PAW, env

DS—PAW —mpi mpirun —mpiargs ~—map—by

l Import l Save hd

canel

fig. 2.16: Submit Band Structure Calculation Task Step 2

B Device Studio - [Si2.hzw] 5] - o x
File Edit View Build Simulator Window Help SEx
BER H-® ReQP A-TUER + 4R
Project 8 x
= Untitled3
v & si2.hzw
v sz
v 1 DS-PAW-ES
W) scfin
[ structure.as
W) DS-PAW.log
[ rhojson
W) band.in
[ band.json

Properties 8 x
Symnetry System

Properties

Total rea of 4 gone Tob Manager o
nical . sttp log in successfully shell Tog in suceesshully saLEse

Description Script ommitStat.  Status Actions  Process.

Si2/DS-PAW-ES  D:/syyl/Untitled3/Si2/DS-PAW-ES/scf.in L7 Completed 4

-
Si2/DS-PAW-ES | D/syyl/Untitled3/Si2/DS-PAW-ES,band.in Completed “

band calculation finished

fig. 2.17: Device Studio Interface After Si Crystal Structure Band Structure Calculation Comple-

tion
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2.6 Data Visualization of Si Crystal Structure Band
Structure

After the Si crystal structure band structure calculation is completed, you can perform visualiza-

tion analysis on the band structure calculation results. The process is shown in fig. 2.18.

B Device Studio - [Si2.hzw] =} - B x
File Edit View Build Simulator Window Help

BER H-® R G Q f fy-[1ER
Project 8 x
3 Untitled3
v @ Sizhzw

v sz

3 band structure display

RAQQ$

Band Structure

Select any element in the Object

Manager or Diagram to edit.

Open Containing Folder [N = © Nosein A gy g N
Delete

Job Hanager

Description

IS

Si2/DS-PAW-ES  D:/syyl/Untitled3/Si2/DS|

Si2/DS-PAW-ES  D:/syyl/Untitled3/Si2/DS|

fig. 2.18: Device Studio Steps for Data Visualization of Si Crystal Structure Band Structure Cal-

culation Results

2.7 Export Band Structure Data Visualization Results

After visualizing the Si crystal structure band structure calculation results, users can export the

data visualization results as needed. The export process is shown in fig. 2.19.
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I= Data Visualization-[band]

File nsert

Object Manager
-
T
Band Structure

& Legend

» B No Spin

! Fermi Energy
@ Axis

Annotations

\ Line

“u Arrow

"« Double Arrow
Text Box

[[] Rectangle

O Ellipse

ools

Energy (eV)

1E-t:,
BE «r ka4 ik i

Band Structure

Newbie Guide

ion Editing

Select any element in the Object
Manager or Diagram to edit.

> bin » v G| E bin &%=

2 {
mn- sk |

=- O
figEn i " G ==
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{RAZ2B(T): | PNG File(*.png)

~ FERE

JPEG File(*.jpg)
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TIFF File(*tiff)
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fig. 2.19: Device Studio Steps for Exporting Si Crystal Structure Band Structure Data Visualiza-

tion Results
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THREE

GRAPHICAL INTERFACE INTRODUCTION

The Device Studio graphical interface is shown in fig. 3.1.

3 Device Studio - [Au-Alkanethiol-Au

= o
Personal
file Edit View Build Simulator Window Help @)Y IINETS [2X  Toolbars (7] — x
R Q& 4 R 3 ] - IR

BER B-®
Project & x
K Device Studio

(& Au-Alkanethiol-Au.hzw

& % s
= Project
=qWer@ _management area

@& NaCl(111).hzw
(@ GaSe.hzw

& graphene_superCellhzw

(@ graphene_superCell_Standardi...
{E 2DMolecule.hzw

(& 3DMolecule.hzw

{E azulene.hzw

& Device_Sihzw

(@ Device_10_0Gr_Nanotube Red...
@@ Device_Device_Sc111-14 7CNT...

Properties & X

Properties Value

b Manags & X
sftp log in successfully shell log in successfully g % LB S
Description Script Commit Status Status Actions Process

5 Task monitoring and
management area
o Structure properties
explorer

fig. 3.1: Device Studio Graphical Interface

3.1 Menu Bar

The Device Studio menu bar graphical interface is shown in fig. 3.2.

File Edit View Build Simulator Window Help

fig. 3.2: Menu Bar
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3.1.1 File

Click on File, and the interface is shown in fig. 3.3.

+]  New Project Cirl+MN
= Open Project Ctrl+0O
| Save Project Cirl+5
|+] New »
#| Import »

Export

Options

Exit Alt+F4

fig. 3.3: File

New Project: Opens the new project interface where users can create a new project with the
file extension . hpf. Users can name the project as needed, such as DeviceStudio.hpf,
or use the default name, such as Untitled.hpf. After naming, click the “Save”button to
create the project; otherwise, if you don’t want to create a new project, click the “Cancel”

button.

Open Project: Opens the project interface where users can open an existing project, such
as the DeviceStudio. hpf project. Find and select the project file, then click the “Open”

button to open it; otherwise, if you don’t want to open the project, click the “Cancel”button.
Save Project: Saves the current project.
New: Users can choose to build device, crystal, or molecular structures as needed.

Import. Opens the structure file import interface where users can choose to import device,

crystal, or molecular structures from local or online databases.

Export: Opens the structure file export interface where users can name the structure file as

needed or use the default name and choose the storage location.

Options: Opens the options interface where users can choose the pseudopotential basis set

file, set the background color of Device Studio, and refresh time.

Exit: Closes the Device Studio software.

30
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3.1.2 Edit

Click on Edit, and the interface is shown in fig. 3.4.

<y Undo
Redo

Copy

Paste

Gk Delete Atom
Atom Selection

fig. 3.4: Edit

Undo: Undoes.
Redo: Redoes.
Copy: Copies.
Faste: Pastes.

Delete Atom: Deletes the selected atom.

Ctrl+Z
Ctrl+Y

Ctrl+C
Ctrl+V
Del

Atom Selection: Selects specific atoms of a specific element in the selected atoms. Users

can select specific atoms as needed. For example: First, select a part of the atoms, then

select all C atoms in the selected part of the atoms.

3.1.3 View

Click on View, and the interface is shown in fig. 3.5.

Toolbars
Explorers

~  Status Bars

] Display Style
Generate GIF

fig. 3.5: View

3.1.

Menu Bar
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Toolbars: Users can choose whether to display the Project, Standard, 3D View modules in

the toolbar. If displayed, select the corresponding modules; otherwise, do not select.

Explorers: Users can choose whether to display the Project Explorer, Properties Explorer,
and Job Manager modules on the software. If displayed, select the corresponding modules;

otherwise, do not select.
Status Bars: Select to display the module on the software; otherwise, do not display.

Display Style: Opens the DisplayStyle setting interface. For atoms, users can choose not to
display, display in line form, or display in ball stick form. For lattice basis vectors, users
can choose not to display, display in solid line, or display in dashed line. If displayed in

solid line, users can set the line thickness as needed.

generate GIF: Opens the generategif interface where users can import a series of existing
pictures and generate a dynamic graph with the file extension . gi £, then export the dynamic

graph.

3.1.4 Build

Click on Build, and the interface is shown in fig. 3.6.
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Molecule
Molecule2D

Decomposition

Device

Convert to Device
Bending of Device
Interface Builder

Fill Junction With Atoms
CAD To Atomic

Crystal

Redefine Crystal
Surface/Slab
Symmetry

StandardizeCell

Gr_Nanoribbon

Gr_ Nanotube

Grain Boundary

Manotube

Manowire

Disordered Graphene-like
Disordered Zinc-blende-like

lcosahedron
Cubooctahedron

WulfCluster

Bond Options

Convert Files

fig. 3.6: Build

e Molecule: Builds a 3D molecular structure.
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* Molecule2D: Builds a 2D molecular structure.
* Decomposition: Decomposes a molecular structure.

* Device: Builds a device structure. Device types include L-R structure, L-C-R structure,

B-T structure, etc. Users can choose to build according to their needs.
* Convert to Device: Builds a device structure on the basis of molecular or crystal structure.
* Bending of Device: Performs bending operation on two-port device structure.
* Interface Builder: Builds heterojunction structure.
e Fill Junction With Atoms: Builds multilayer membrane structure.
* CAD to Atomic: Builds multilayer membrane structure through 2D CAD.
* Crystal: Builds a crystal structure.
* Redefine Crystal: Crystal cell redefinition and expansion.
* Surface/Slab: Crystal structure cut surface/slice.
* Symmetry: Performs space group recognition on crystal structure.
* StandardizeCell: Super cell recognition primitive cell.
e Gr_Nanoribbon: Builds nanoribbon structure.
¢ Gr_Nanotube: Builds nanotube structure.
* Grain Boundary: Builds crystal boundary structure on basis of unit cell.
* Nanotube: Builds nanotube on basis of crystal structure.
* Nanowire: Builds nanowire on basis of crystal structure.
* Disordered Graphene-like: Builds disordered graphene-like structure.
* Disordered Zinc-blende-like: Builds disordered zinc-blende-like structure.
* Icosahedron: Builds regular icosahedron structure.
* Cubooctahedron: Builds regular cubooctahedron structure.
* WulffCluster: Builds WulffCluster structure on basis of unit cell.
* Bond Options: Bond setting.

e Convert Files: Structure file conversion.
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3.1.5 Simulator

Click on Simulator, and the interface is shown in fig. 3.7. Users can choose the corresponding
module according to their needs to generate input files for corresponding software, calculate, and

visualize data.

DS-PAW
B BDF >
© MOMAP  »

fig. 3.7: Simulator

* BDF: Quantum chemistry calculation software BDF.

* DS-PAW: First-principles plane wave calculation software DS-PAW.

3.1.6 Window

Click on Window, and the interface is shown in fig. 3.8.

Title Horizontally
Title Vertically

Cascade

oh 6? M H

Arrange lcons

Close All
MNext Ctrl+Tab
Previous Ctrl+Shift+ Backtab

~ 1 Au-Alkanethiol-Au.hzw

fig. 3.8: Window

Title Horizontally: Horizontally arranges 3D Viewer windows of structure files.

Title Vertically: Vertically arranges 3D Viewer windows of structure files.

Cascade: Stacks 3D Viewer windows of structure files.

* Arrange Icons: Minimizes 3D Viewer windows of structure files.

Close All: Closes 3D Viewer windows of structure files.
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e Next: Selects the next 3D Viewer window of structure file.

* Previous: Selects the previous 3D Viewer window of structure file.

3.1.7 Help

Click on Help, and the interface is shown in fig. 3.9.

Getting Started With Device Studio

Device Studio Tutorials

Feed Back Report
Hzwtech Homepage

About Device Studio

Article Reference Template

fig. 3.9: Help

* Getting Started With Device Studio: Connects Device Studio Quick Start Guide.
* Device Studio Tutorials: Connects Device Studio Usage Tutorial.

* Feed Back Report: Opens the Hongzhiwei Customer Information Feedback Collection In-

terface where users can provide product suggestions to Hongzhiwei.
* Hzwtech Homepage: Connects Hongzhiwei Technology (Shanghai) Co., Ltd. Homepage.

* About Device Studio: Opens the About Device Studio window to understand the Device

Studio version number, issuing company, License usage period, etc.

* Article Reference Template: Opens the Device Studio Article Reference Template to facil-

itate correct citation of Device Studio in articles.

3.2 Toolbars

The Device Studio toolbars are shown in fig. 3.10. The numbers from left to right are numbered

from 1 to 38. The English name of the icon can be viewed by placing the mouse arrow on the

icon.
BEAEH-® REO P A-OEK|F LR Had &B-E-6- MR § e e lb: grvivg
o 1 IS 2 I S S B3] /) e )9 110) vl 2) 13014l 1) el 17HE D (190200 210 22230 (2] 250 260 (27)20) 2] (30) (3100320 133) 34)35)136) 37) 36

fig. 3.10: Toolbars
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Num- Icon lcon  English Function Description
ber Name
1 Open Project Opens Device Studio project file

4
5

e
. Ve
8 B T i
o

10

3
11 2

—1
12 =
’

Save Project

New

Import Local
Undo
Redo

3D Viewer Se-

lection Mode

3D Viewer Ro-
tation Mode

3D Viewer
Zoom Mode

3D Viewer
Translation
Mode

3D Viewer zy

View

3D Viewer Fit to

View

Display Style

Saves current project and structure

Builds new structure, through which you can select to

build device, crystal | or molecular structure
Imports structure file from local

Undoes

Redoes

Selects, clicks to enter selection mode, can select atoms

by mouse click or drag to select

Rotates, clicks to enter rotation mode, can rotate 3D

view of atom structure by dragging mouse

Zooms in or out, clicks to enter zoom mode, can zoom
3D view of atom structure by scrolling mouse middle

key

Translates, clicks to enter translation mode, can translate

3D view of atom structure by dragging mouse

Clicks to reset 3D view of structure (z-y plane), clicks
down to select from different perspectives to view 3D

view of structure

Clicks to move 3D view of structure to appropriate po-

sition according to screen

Clicks to set display mode of atom structure

continues on next page

3.2. Toolbars
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Table 3.1 - continued from previous page

Num- Icon lcon  English Function Description
ber Name
oy
14 ‘:‘%‘5 Structure Clicks to enter atom structure refinement module, this
Refinement module has fully upgraded 3D display effect of atom
Module structure, displays atom structure in the form of equiv-
alent atoms, and supports ball stick/polyhedron display
mode, users can customize color, radius, and lighting
parameters, create exclusive personal template
15 =|I]= Add Atom Adds atom, clicks to enter Device Studio periodic table,
selects element, clicks in 3D view of structure to add
atom
(o]
16 0@43- Add New Atom  Adds atom in the middle of selected multiple atoms.
This icon needs to select multiple atoms to activate
17 [H}';' Hydrogen passi- Uses hydrogen atom to passivate crystal structure. Cur-
vation rently, only effective for Si and C elements
—
18 I\;I( Delete Atom Deletes selected atom
&
19 ~® Replace Atom Replaces selected atom
20 o Edit Atom With Sets distance between 2 atoms or angle between 3 atoms.
Selected This icon needs to select 2 or more atoms to activate
a
21 O Move Atom Moves selected atom. This icon needs to select atom to
activate
[I ~w
22 —=  Rotate Atom Rotates selected atom. This icon needs to select 2 or
more atoms to activate
|
23 ‘ﬂlh“ Mirror Atom Mirrors selected atom. This icon needs to select atom
to activate
24 'E' Stretch Cell Stretches or compresses primitive cell while keeping
fractional coordinates unchanged
A
25 B-C  alternate axes Rotates lattice basis vectors A, B, C of structure
continues on next page
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Table 3.1 - continued from previous page

Num- Icon lcon  English Function Description
ber Name
X
26 ¥-Z  alternate coordi- Rotates X, Y, Z of structure
nate
g
|28 . . . .
27 E—J  Wrap Wraps atoms outside lattice along unit axis to lattice,
clicks down to select Wrap Along a/b/c
=
=
28 =2 Center Centers all atoms or selected atoms as a whole in lattice
cell, clicks down to select Center Along a/b/c
29 '@' Fit Cell Automatically matches minimum unit lattice basis vec-

30 anoe

94

31
2 LB
33 2

l—
34 0—0
35 o]
D
37 )

!
38 C{L

Minimize Struc-

ture

Convert to

Molecule

Convert to Crys-
tal

Convert to De-

vice

Distance
Angle
Dihedral angle

Vector between

two atoms

Recalculate
LinkerBond

tor, clicks down to select Fit Cell Along a/b/c

Performs structure optimization on molecular structure
through molecular force field calculation, clicks down to
select suitable force field. This icon can only activate

when structure to be displayed is molecular structure

Converts current structure to molecular

Converts current structure to crystal

Converts current structure to device

Measures distance between 2 atoms
Measures angle between 3 atoms
Measures dihedral angle between 4 atoms

Measures vector between 2 atoms

Recalculates bond

3.2. Toolbars
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O Note

The Device Studio toolbars are important, so it is recommended that users read the function
of each icon in Toolbars before using Device Studio. Also, for convenience of users’use, De-
vice Studio has categorized the icons in the toolbars, and when the icon is gray, it cannot be
activated unless the condition is met. If help is needed, consult the Hongzhiwei professional

solution center team.

3.3 Project Management Area (Project Explorer)

Project Management Area is shown in fig. 3.11. If the project name is DeviceStudio, there are
3 structure files under this project, namely Au-Alkanethiol-Au.hzw, NaCl.hzw, and azu-
lene.hzw. For structure files, such as Au-Alkanethiol-Au.hzw, as shown in the red frame
of Figure 3.3-1, this area can manage input files for corresponding structure calculation, such as
self-consistent calculation input file scf . input. Users can open and view the input file by right-
clicking on the input file and selecting Open with, or find the file storage location in the computer
by right-clicking on the input file and selecting Open Containing Folder. For structure files, if
related calculation input files have been generated, they cannot be renamed; otherwise, if no re-
lated calculation input files have been generated, users can rename them by right-clicking on the

structure file and selecting Rename, then renaming them.
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Froject g X

4 [ DeviceStudio
(&) Au-Alkanethiol-Au.hzw
4 | Au-Alkanethiol-Au
4 | LefiElectrode
I sclinput
4 | RightElectrode
| sclinput
4 . Device
|.:| schinput
[ NaCl.hzw
[ azulene.hzw

fig. 3.11: Project Management Area

To create or open an existing project, import or export structure files in the Project Management

Area, please refer to the detailed description of File.

© Note

Device Studio has optimized Project Management Area (Project Explorer), so it is recom-
mended that users name project files, structure files, etc. in English without spaces, Chinese
characters, asterisks, etc. when submitting homework for calculation. After submitting home-

work, including after submitting homework, do not change file names. If you want to change

them, it is recommended to change them before submitting homework for calculation.

3.4 Structure 3D Display Area (3D Viewer)

Structure 3D Display Area is shown in fig. 3.12. If the structure Au-Alkanethiol-Au.hzwis
displayed in this area, users can open the structure file in the project management area by double-
clicking on the structure file. In this area, users can zoom the 3D view of the structure by scrolling
the mouse middle key; they can first select the 3D Viewer Translation Mode shortcut icon in the

toolbar or press the middle mouse button, and then drag the mouse to translate the 3D view of the

3.4. Structure 3D Display Area (3D Viewer) 41
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structure in this area; they can first select the 3D Viewer Rotation Mode shortcut icon or press the

right mouse button, and then drag the mouse to rotate the 3D view of the structure in this area.

Users can perform various operations such as adding, deleting, modifying, etc. on the structure
in this area, and the 3D view of the structure can be displayed in real time in this area. Users
can perform structure operations according to the function description of each shortcut icon in

Toolbars.

IR Au-Alkanethiol-Au.hzw EI@

fig. 3.12: Au-Alkanethiol-Au’s 3D Display

3.5 Structure Attribute Area (Properties Explorer)

If structure Au-Alkanethiol-Au.hzw is displayed in the 3D display area, Structure Attribute
Area shows the system information of the structure as shown in GraphicalInterface_13;if
a specific atom of Au-Alkanethiol-Au.hzw structure is selected, Structure Attribute Area
shows the atom information of the structure as shown in GraphicalInterface_14, users can
modify the coordinate position or replace the atom of the selected atom by double-clicking on the

mouse.

42 Chapter 3. Graphical Interface Introduction



Device Studio Manual

Froperties 5 X Properties q X
Symmetry System Atom
Properties Value Properties Value
WectorA (xyz) 16.933671 0.000000 0.000000 ElementSymbol Au
VectorB (xyz) 0.000000 16933671 0.000000 X 8.46683530
VectorC (xyz) 0.000000 0.000000 29.777955 ¥ 6.42683470
VectorC({L)(xyz) |0.000000 0.000000 4.080002 Z 7.14000350

Total Num of
Atoms:

Center Area of
Lattice:

VectorC(R)xyz)

0.000000 0.000000 4.080002

3.6 Calculation Task
(Job Manager)

Monitoring Management Area

As shown in fig. 3.13, Calculation Task Monitoring Management Area contains 5 modules,

with the function descriptions as follows. When the task is in queue, calculating, or completed,

Status is Queued, Running, Completed respectively. After calculation is completed, part of cal-

culation results will be automatically pulled back to local. If more calculation results are needed,

click the download button to download and return.

Job Manager o e 0 66
sftp log in successfully shell log in su::essfu::;-l & L8\ B2
Description Script Status Actions Process
Si_Copy/DS-PAW-ES C:/Users/LuFeifei/Documents/DeviceStudioProjects/Untitled14/Si_Copy/DS-PAW-ES/scf.in 100% Completed o + &
Si_Copy/DS-PAW-ES Cif/Users/LuFeifei/Documents/DeviceStudioProjects/Untitled 14/5i_Copy/DS-PAW-ES/band.in Completed + B
Si C:/Users/LuFeifei/Documents/DeviceStudioProjects/Untitled 14/5i/Rescu-Crystal/scf.input Completed + =
Si Cy/Users/LuFeifei/Documents/DeviceStudioProjects/Untitled 14/Si/Rescu-Crystal/BandStructure.input Completed + =
SifDS-PAW-ES C:/Users/LuFeifei/Documents/DeviceStudioProjects/Untitled 14/Si/DS-PAW-ES/scf.in Queued o X &
fig. 3.13: Calculation Task Monitoring Management Area
* Description: Structure name.
* Script: Location of task input file.
* Commit Status: Task file transmission progress.
e Status: Task calculation status.
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* Actions: Task calculation operation.

* Process: Views task calculation log file to determine whether task calculation is completed

through log file.

Calculation Task Monitoring Management Area (Job Manager) icon function is as follows table:

Num- Icon Icon English Function Description
ber Name
") . | .
1 / Clicks to enter Xshell exe file directory setting
L
2 - Open Win- Clicks to connect current supercomputing server through Win-
SCP SCP, as shown in fig. 7.19
3 Open Clicks to connect current supercomputing server through
PuTTY PuTTY, as shown in fig. 7.18
4 @ Reset IP Clicks to enter MachineOptions interface, in which users can
choose local or supercomputing server, or customize connec-
tion server. Connection server operation can refer to Nanodcal
Connection Server section content
—
5 2  Reload to Reconnects server
server
‘q:;f'" . . ..
6 refresh Refreshes, clicks to refresh Calculation Task Monitoring Man-
agement Area status
7 Download Downloads, clicks to enter Calculation Result Download Inter-
face as shown in fig. 7.17
8 Cancel Cancels, clicks to cancel calculation task
9 < Inspect simu-  Clicks to view calculation result log file in real time
lation data in
real time
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FOUR

STRUCTURE MODELING

Device Studio supports importing structures from local or online databases, or building new struc-
tures based on imported ones. It supports creating various molecules, crystals, and typical de-
vice structures such as LCR/LR/FCB/FB/BCT/BT. Device Studio can automatically split crystal
planes and build device structures according to user-specified matching accuracy requirements. It
can automatically match and build multilayer device or crystal structures. It can generate special

structures such as Nanoribbons, Nanotubes, clusters, grain boundaries, and random doping.

4.1 Supported File Types

Device Studio supports file types including .hzw, .xyz, .cif, .dsxml, .pdb, .mol, .xsd,
scf.input, .py, POSCAR, CONTCAR, etc., where . hzw is Device Studio’s proprietary file format.
Device Studio can export structure files in .hzw and . xyz formats according to user needs, and
can export 3D visualization results of structure files in . png image format. For crystal structures,

it can identify their space group structure information and export structure files in . cif format.

4.2 Importing Structures

Before importing a structure, you need to create a new project or open an existing project, and
import the structure based on an existing project. To create a project: double-click the Device
Studio icon shortcut to log in and start the software. The graphical interface is shown in fig. 4.1.
According to the interface prompts, select the button to create a new project ( Create a new Project
) or open an existing project ( Open an existing Project ), then click the OK button. If you choose
to create a new project, you can name it according to your needs, such as naming this project

Device Studio.
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I: Welcome to Device Studio >

Use the controls below to create a new project or open an existing project.

(® Create a new Project

() Open an existing Project

CrfUsers/LuFeifei/Documents/DeviceStudioProjects/Device Studio.hpf

Getting Started Guide = Example Visualizations K Exit
fig. 4.1: Graphical interface for selecting to create or open a project after starting the software

4.2.1 Importing Structures from Local Database

Device Studio comes with a local database containing over 500 commonly used or popular ma-
terials, which will be continuously updated and expanded. If users need a large-scale database,
they can pay attention to Hongzhiwei’s FIRST software, which includes three major databases:
QuickMol, QuickCrystal, and ACED, with over 10 million material entries. Users can import
structures through the local database, such as importing the ZnO-MgO-Si device structure. The
import operation is shown in the red part of fig. 4.2: File — Import — Import Local. Then a
graphical interface pops up as shown in fig. 4.3. According to the interface prompts, find the
folder containing ZnO-MgO-Si in the local database, select the ZnO-MgO-Si structure file, and
click the open button in fig. 4.3 to import the ZnO-MgO-Si structure. The graphical interface
after importing the ZnO-MgO-Si structure is shown in fig. 4.4, where the Zn0O-MgO-Si.hzw
structure file is in the Project Explorer area, and the 3D view of the structure is displayed in the

3D Viewer area.

O Note

If you don’t want to import the structure through the database, and you know the location of
the structure file, such as the ZnO-MgO-Si structure, you can simply left-click to select the
structure file and drag it to the Project Explorer area of Device Studio to import the structure.

The 3D view of the structure will be displayed in the 3D Viewer area.
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IR Device Studio

File it View Build Simulator Window Help

ew Project Ctrl+N

l 2| Y
n Project Ctrl+0O F} : R t@_ﬁ @5 % ﬁ IEI +@
Project Crlss | B X

09 (17 [+

B N :
T o o
Exp::rrte #| Import Online
Options
Exit Alt+F4

fig. 4.2: Pop-up interface for importing structure from local database

IR Import File *
« . P II_}, « DeviceStudio2022B » example » ZnO-MgO-Si v | O P TE ZnO-MgO-Si FEE
mR Y FETes - M @

)
0 images A ER ExEms =R eI
o source Bl centerhzw 2016/7/20 15:33 HZW Szt 4KB
@ OneDrive - Personal B I=ftleall.h=w 2016/7/20 15:33 HZW T2 1KB
rightlead.hzw 2016/7/20 15:33 HZW 7 1KB
[ =zl
= 2016/7/20 15:33 HZW ST 5KB
ppwEE
B ma [
=B8R
e =
¥ =
b E=
W =|
e Windows (C)
— DATA1 (D)
ke 2
ZHEN): | 2nO-MgO-Sihaw | v | |Al files (*hzw *axyz *.cif *xsc v |
d IEECH IR

fig. 4.3: Interface for selecting ZnO-MgO-Si structure file
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I2 Device Studio - [Zn0-MgO-Sihzw] = - o x
Fle Edit View Bulld Simulator Window Help

BB B-® R P & O & & i - E - 83 fF EE| < K ee o

B2 Device Studio
1 Au-Alkanethiol-Aubzw
&

& Cuhzw
v & NaClhzw
Nacl
(& NaCl(111).hzw
(H GaSehzw
(B graphene superCellhzw
& graphene_superCell StandardizeC..
(i 2DMolecule.hzw
{&h 3D0Molecule.hzw
(& azulenehzw
&) Device Sihzw
&) Devi
i Devi

evice Sc111-14 7CNT-Sc...

8 X

fig. 4.4: Device Studio interface after importing ZnO-MgO-Si structure

4.2.2 Importing Structures from Online Database

Device Studio supports connecting to the online Materials Project database. As shown in the
red part of fig. 4.5: click File — Import — Import Online to pop up the interface for importing
structures from the Materials Project database. In this interface, users can search for atomic

structures by entering elements, chemical formulas, or mp numbers.

KR Device Studio

Mit View Build Simulator Window Help
Mew Project Cirl+MN +

B Open Project Ctrl+0O
ave Project Cirl+5

Import Local

Import Online

Exit Ali+F4

fig. 4.5: Pop-up interface for importing structure from online database
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As shown in fig. 4.6, search for structures by entering elements. Enter the Si element and click the
Search button or press the Enter key on the keyboard. Many atomic structures containing only Si
elements will appear, such as the Si40 structure. The left side shows its detailed chemical formula,
and the right side shows its corresponding space group structure. After selection, you can view
the structure’s chemical formula, space group symmetry information, and atomic coordinates in
the red box area at the bottom left of the interface. You can view the 3D display of the structure
in the red box area at the bottom right of the interface. For the 3D display of the structure, you
can zoom in or out by scrolling the mouse wheel. You can right-click to select the structure and
rotate the 3D view by dragging the mouse. After determining the atomic structure to search for,
click the Add button in the interface to import the atomic structure. The structure file is saved
in the software’s project management area (Project Explorer), and you can view the 3D view of
the atomic structure in the 3D display area. The Device Studio interface after importing the Si40

structure through the online Materials Project database is shown in fig. 4.7.

IR Import from Materials Project >

full formula spacegroup -
P6/mmm
Sid Fd-3m
Sie Im-3m
Si106 P4 2/nmc
Si100 P1
5i23 I-43m
SiG P& 3/mmc | hd
# generated using prymatgen ~
date 31
_symmetIy_space group_name H-N ‘F

cell length_a  10. 22145008
cell length b  10. 22145998

cell length c 10. 38879300
cell_angle_slpha  90. 00000000
cell_angle_beta S0 00000000
cell_angle_gamma 119 999994987
symmetry_Int Tables_number 1
chemical formula structural 31
chemical formula_sum  3i4d
cell_wvolume 939 98644363

cell formula units_Z 40
loop_
_symmetry_equiv_pos_site_id W

Add

fig. 4.6: Materials Project element search and structure import operation interface
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E2 Device Studio - [Si40.hzw] = - B x
File Edit View Build Simulstor Window Help

Froject a8 X
B2 Device Studio

B Au-Alkanethiol-Aubzw

) ZnO-MgO-Sihzw

D Cuhzw

feh NaClhzw

& NaCli111).hzw

(@) GaSe.hzw

() graphene_superCell.hzw

() graphene_superCell StandardizeC...
& 2DMolecule.hzw

(i 3DMolecule.hzw

(& azulenehzw

() Device_Sihaw

{H) Device_10_ 0Gr_Nanctube Rede 1...
(& Device Device Sc111-14 7CNT-Sc...

B Sidohaw |

Propertiss -3

Properties Value

Job Mansger & X

log in lecal successfully & |22 =1

Description Script Status Actions Process

fig. 4.7: Device Studio interface after importing Si40 structure

The operations for searching and importing structures through chemical formulas and mp numbers
are the same as those through element search and import. Their operation interfaces are shown in

fig. 4.8 and fig. 4.9 respectively.
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IR Import from Materials Project

fuosz | —b || Search |
full_formula spacegroup -

Mo254 P& _3/mmc

Mo18536 Pramn

Mo152

Maol152 R3m

Mo152 R-3m

Mo458 P-3m1 |

Mol152 |

# generated using pymatsen
date Mo32
_S¥ymmetry_space_group_name_H-N
_cell length_a 3. 19940474
_cell_length b 3. 10040474
_cell length ¢ 6. 49352200

_cell_angle beta S0 (0000000

_symmetry_Int_Tables_number
_chemical formula_structural

_cell veolume B7. BE3ATTZ268

_cell formula units_Z 1
loop
_symmetry_equiv_pos_site_id

_cell_angle_slpha 0. 00000000

_cell_angle gamma  120. (1538

_chemical formula sum Mol 32

fig. 4.8: Materials Project chemical formula search and structure import operation interface
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IR Import from Materials Project >

I:lr.-—'_i.ﬁl » || Search I

full formula spacegroup w‘r

# generated using pymatsen A
date 31
_S¥ymmetry_space_group_name_H-N "F

cell_length s 3. BEEGT465

cell length b 3. BEEGT46R

cell length c 3. BEEO 7465
cell_angle_slpha  60. Q0000000
cell_angle_beta 60 00000000
cell_angle_gamma &0, (00D
symmetry_Int_Tables_number 1
chemical formula structural 3531
chemical formula sum 312

cell_volume  40. BERZ9285

cell formula units I 2
loop
_symmetry_equiv_pos_site_id W

fig. 4.9: Materials Project mp number search and structure import operation interface

4.3 2D Molecular Modeling

Device Studio 2022A version adds the 2D Molecular Modeling function. In the 2D molecular
modeling interface, its toolbar contains various bonds and tools for drawing molecular structure
formulas, including chemical bonds, ring templates, folded chains, boat structures, chair struc-
tures, arrows, borders, and text editing tools. Users can quickly and conveniently draw various
2D planar molecular structure formulas and write equations through this function, and it supports

converting 2D molecular structures into 3D molecular structures.

Device Studio has the function of editing 2D molecular structures. Users can perform opera-
tions such as rotation, modifying bond width, bond length, bond position color, bond position
type, bond position attribute conversion, adding hydrogen, removing hydrogen, adding charge,

removing charge, etc. on the molecular structure.
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Taking the construction of a 2D molecular structure with three connected benzene rings and its
conversion to the corresponding 3D molecular structure as an example, the construction steps are
shown in fig. 4.10, fig. 4.11, fig. 4.12, fig. 4.13, and fig. 4.14.

KR Device Studio

File Edit View | Build | Simulator Window Help

A — 2 Maolecule o
ﬁ[ }mm ‘%ﬁ"ﬂ

]
ﬁ

Pl Decomposition
BB Device Studio _

B Au-Alkaneth DOV

i Zn0O-MgO-< 28 Convert to Device

i Cuhzw Bending of Device
» fEh NaCl.hzw Interface Builder

= NaCl{111).h: Fill Junction With Atoms

e GaSe.hzw CAD To Atomic

fig. 4.10: Pop-up 2D molecular modeling interface operation

K= untitled hzw - Device Studio 2D molecular structure - o ”
File Edit View modeling interface

BEH OCAXLUDQQRQA[JIZGOGHEE ©-1r "X od%AI8 & %00

>

Properties 8 x
™ Line widths |
c

Bond  [2.00 3]
/ 8
© Arow  [150 &
° Arrow tip [10.00 B

Frame  [1.50 &

Aton defaults

Bond defaults

Font & Color

JOAOOO0OD I NNNNNYNYL MWA~

Visibility

«

| ApplyData Lone pairs & radicals

fig. 4.11: 2D molecular modeling interface
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% untitled.hzw* - Device Studio - u] e
File Edit View
N Ly i@ g 7 = g P
BE - OC K LJL ZOM=¢-+ X155
| Properties 8 X
Line widths

Bond 2,00

hrow [180

Arrow tip [10.00

coficcNicolicn

Frame  [L50

Atom defaults
Bond defaults

Font & Coler

SJ@@QQOODD I NSNANNY VWA % %N o 3

¥isibility

L
2 Grid

~

«

fig. 4.12: Building 2D molecular structure and converting to 3D molecular structure operation

IR Device Studio - [Molecule.hzw] =]

File Edit View Build Simulator Window Help

B B-®
Frosect 8 x
B Device Studio

(= Au-Alkanethial-Auhzw

) ZnO-MgO-Sihzw

& Cuhzw

) NaCl.hzw

& NaCl(111).hzw

& GaSehzw

(@ graphene superCell.hzw

() graphene_superCell StandardizeC...

) 2DMolecule.hzw

& 30Molecule.hzw

() azulenehzw

{Hh Device_Si.hzw

(=) Device_10_0Gr_Nanotube_Rede._1...

() Device Device Sc111-14 7CNT-Sc..

(= Si40hzw

B Moleculezw| —

Eroperties & X

Properties Value

Job Manager —
n local su full 2 b =1
Description Seript Status Actions Process

fig. 4.13: Device Studio interface after converting 2D molecular structure to 3D molecular struc-

ture
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BB B-®

Froject
(= Au-Alkanethial-Auhzw
) ZnO-MgO-Sihzw
& Cuhzw
) NaCl.hzw
& NaCl(111).hzw
& GaSehzw

0.0Gr_Nanotube Red...
evice Sc111-14 7CNT...

iazol
(D Glyphosate.hzw

{Hh Device_738049.hzw
() Crystal_1058400.hzw

Value

Description Script Commit Status Status Actions

fig. 4.14: Optimizing converted 3D molecular structure operation

O Note

The Minimize Structure labeled as @ in fig. 4.14 is for structural optimization of molecular
structures through molecular force field calculations, defaulting to MMFF94. You can select

an appropriate force field for structural optimization by clicking the dropdown button.

4.4 3D Molecular Modeling

Device Studio 2022A version adds the 3D Molecular Modeling function. Users can quickly
and conveniently build 3D molecular structures through this function. Device Studio supports
editing 3D molecular structures and can view detailed information about atomic coordinates and
bonds between atoms. It can perform a series of operations on molecular structures such as bond
adjustment, atomic angle adjustment, dihedral angle adjustment, adding hydrogen, translation,
rotation, renaming, copying fragments, adding, deleting, and modifying. The operation interface
for building 3D molecular structures in Device Studio is shown in fig. 4.15, fig. 4.16, fig. 4.17, fig.
4.18, and fig. 4.19.
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[E Device Studio

File Edit ".-’iew S@ulator Window Help
— | Molecule |
I

Molecule2D

Froject M

lecomposition

fig. 4.15: Pop-up 3D molecular modeling interface operation

ApplyData

fig. 4.16: 3D molecular modeling interface
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fig. 4.17: Building 3D molecular structure operation one
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fig. 4.18: Building 3D molecular structure operation two

4.4. 3D Molecular Modeling 57



Device Studio Manual

IR Device Studio - [3DMolecule.hzw] = - [m] x

File Edit View Build Simulator Window Help
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fig. 4.19: Optimizing built 3D molecular structure

4.5 Crystal Modeling

For crystal modeling, users can first search whether the structure exists in the local database or
online database. If it exists, import it directly; if not, they can build it themselves or import a
structure and build upon it. Users can choose how to build the crystal structure according to their

needs.

Taking the construction of NaCl crystal structure as an example, click Build — Crystal in the
Device Studio graphical interface, and the interface for building crystal structure pops up as shown
in fig. 4.20.
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E% Crystal X

Lattice

Space group 1Pl - Origin-1 ~
Braveiz lattice Triclinic
al Bia| 20.00° | b/ |2 |
b mr 80.00° | o/ |3 |
c| gily | 60. 00°
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Element pl p2 p3

Preview stryle
(® Erimitive cell

(_) Conventional cell

Freview Build Symmetry opersations

fig. 4.20: Crystal structure building interface

If you don’t know the space group information of the NaCl crystal, when building the NaCl crys-
tal structure in the interface shown in fig. 4.20, you can follow the red box selection and arrow
direction shown in fig. 4.21, fill in or select the corresponding information step by step, click the
Preview button to preview the built structure in the right area of the interface. This step is mainly
used to check whether the built structure is correct and whether it is the desired structure. Then
click Build to build the NaCl crystal structure. The structure file is saved in the software’s project
management area (Project Explorer), and you can view the 3D view of the structure in the 3D dis-
play area. Conversely, if you find that the built structure is incorrect during the preview process,
you can rebuild it in the interface shown in fig. 4.20. During the structure building process, users
can choose the Preview style in the interface according to their needs, that is, select Primitive cell
or Conventional cell; choose whether to show equivalent position atoms, that is, whether to check

Show equivalent atoms.

The p1, p2, p3 values of the NaCl crystal structure are shown in the following table:
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Element p1 p2 p3

Na 0 0 0
Na 05 05 O
Na 05 O 0.5
Na 0 05 0.5
Cl 05 O 0
Cl 0 05 O
Cl 0 0 0.5
Cl 05 05 05
E= Crystal X
Space Eroup Origin-1 ~
Bravais lattice Tric'_il*c
a | 5.6%4 | & | 80.00° | Bra |1
b | 5.624 8 | 80.00° | e/a |1
c | 5624 5 [ 50.00° |

pl, p2, p3 are in fractional &crdinates.

Element pl p2 p3 ]
MNa 0 0 ]
Na 0.5 0.5 ]
MNa 0.5 ] 0.5
MNa 0 0.5 0.5
cl 0.5 0 ]
cl 0 0.5 ] -
< >

Freview strle /
D Primitive :e'_'_{

@ Conventional cell

Show equivalent atoms

1

E:\mEtr:\' Gperitians

fig. 4.21: NaCl crystal structure building interface without space group information
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fig. 4.22: NaCl Crystal Structure Building Interface Based on Space Group Information

If the space group information of the structure is known, it can be built more conveniently and
quickly. Device Studio supports the selection of 261 space groups (including 230 space groups and
31 extended subgroups). For example, the space group of NaCl crystal is 225 FM-3M. Knowing
this information, when building the NaCl crystal in the interface shown in fig. 4.20, you can fill in
the corresponding information as indicated by the red box and arrow in fig. 4.22. Other operations
are consistent with those without knowing the space group information and will not be described in
detail here. Comparing fig. 4.21 and fig. 4.22, it is clear that knowing the space group information

can simplify the construction of the crystal structure.

Figures fig. 4.21 and fig. 4.22 both show the result of displaying equivalent atoms when building
the NaCl crystal structure, i.e., with the Show equivalent atoms option checked. If this option
is unchecked, the interface will appear as shown in fig. 4.23. Clicking the Build button in the
interface will build the NaCl crystal structure. The structure file is saved in the software’s project
management area, and a 3D view of the structure is displayed in the 3D display area. The interface

after building the NaCl crystal structure is shown in fig. 4.24.
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fig. 4.23: NaCl Crystal Structure Building Interface Without Equivalent Position Atoms Displayed
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fig. 4.24: Device Studio Interface for Building NaCl Crystal Structure
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4.6 Sections/Slices of Crystal Structure

Surface/Slab from Crystal Structure, this function is only available when a crystal structure exists.
Taking the NaCl crystal structure built in the Crystal Modeling section as an example, to build a
NaCl (1 1 1) crystal structure with a Thickness of 9.73 A, click Build — Surface/Slab in the inter-
face shown in fig. 4.24. The interface for building the surface/slab of the NaCl crystal structure
will pop up as shown in fig. 4.25.

% Surface/Slab X
ssssss File
pl

‘hoos m def i

Element p1 p2 p3 ~
Na 0.0000 0.0000 0.0000
Na 0.0000 0.5000 0.5000
Na 0.5000 0.0000 0.5000
Na 0.5000 0.5000 0.0000
Cl 0.5000 0.5000 0.5000
Cl 0.5000 0.0000 0.0000
cl 0.0000 0.5000 0.0000
cl 0.0000 0.0000 0.5000 v

urface Primitive t

u 010 v 1

u v A ooa

Vacuun | 0.00A [£
[ s1sb

Build Can

fig. 4.25: The interface for creating a slab/slice of the NaCl crystal structure

As shown in the red box and arrow in fig. 4.26, set the Miller index (1 1 1) in the interface shown
in fig. 4.25. Select the Na (0.5000 0.5000 0.0000) atom as the starting atom for the slab in the
dropdown table. Check the Slab box and click the + button after Thickness 5 times to set the
Thickness to 9.73 A. The structure can be previewed in the right panel. Click Build to build the
9.73 A thick NaCl (1 1 1) crystal structure. The structure file is mounted in the Device Studio
project management area, and the 3D view is displayed in the Device Studio 3D display area. The
Device Studio interface after building the 9.73 A thick NaCl (1 1 1) crystal structure is shown in
fig. 4.27.
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fig. 4.26: User interface for building a NaCl (1 1 1) crystal structure with a thickness of 9.73 A.
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fig. 4.27: Set up the Device Studio interface for a NaCl (1 1 1) crystal structure with a Thickness
of 9.73 A.
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4.7 Redefinition of the Unit Cell in Crystal Structures

After importing the Cu unit cell structure into Device Studio, the interface is shown as fig. 4.28.
Click Build — Redefine Crystal in the interface to open the Cu unit cell structure crystal redefinition
interface, as shown in fig. 4.29. Fill in the parameters according to the red boxed area in fig. 4.30.
After filling in the parameters, click the Preview button to preview the supercell structure on the
right side of the interface. Then, click the Build button to expand the Cu unit cell into a single
cell. Simultaneously, the structure file Cu_Rede.hzw is mounted in the Device Studio project
management area, and the 3D view of the structure is displayed in the Device Studio 3D display

area, as shown in fig. 4.31.
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fig. 4.28: Device Studio interface after importing the Cu unit cell structure (Cu.hzw)
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IR Redefine Crystal
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fig. 4.29: Cu Unit Cell Structure Redefinition Interface
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IR Redefine Crystal X
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fig. 4.30: The interface for expanding the Cu unit cell structure into a supercell.
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fig. 4.31: 3D view of the Cu unit cell (Cu_Rede.hzw) in Device Studio
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The supercell can be built from the unit cell by using the “Redefine Crystal”function in Device
Studio. The operation is the same as expanding the Cu primitive cell to a unit cell. For example,
to expand the Cu unit cell to a 4x4x4 supercell, click fig. 4.31 Build — Redefine Crystal. The
“Redefine Crystal”interface will pop up, as shown in fig. 4.32. Follow the steps indicated by
the red boxes and arrows in fig. 4.32. After clicking the Build button, the Cu unit cell will be
expanded to a 4x4x4 supercell. The structure file Cu_Rede_Rede.hzw will be mounted in the
project management area of Device Studio, and the 3D view of the structure will be displayed in

the 3D display area of Device Studio, as shown in fig. 4.33.
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w as a l1i n of the current cell vectors &, b,

he new cell vectors u, v, and

b c

v o |1

= [o |

Body-centered

IS IS IS ISZ IS N T
CXIDXIXDXIX X
IXIXIXIXIXIXIX]

N IS IS IS TN 1N 1N
X

I 1N IS 15|
ﬂr%ﬁ%ﬁ%ﬁ%

Cancel

fig. 4.32: Interface for expanding the Cu unit cell to a 4x4x4 supercell
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fig. 4.33: 3D view of the Cu supercell (Cu_Rede_Rede . hzw) structure in Device Studio

4.8 Device Modeling

Taking the construction of a gold-alkanethiol-gold (Au-Alkanethiol-Au) molecular device struc-

ture as an example, the following steps will detail the construction process.

4.8.1 Importing the Au Crystal Structure

*Import the Au crystal structure from the Device Studio local database, i.e., import the
Au primitive cell. The import process is not described in detail here; users can refer to lo-
cal_database_import_structure. The interface after importing the Au crystal structure is shown
in fig. 4.34.
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fig. 4.34: Interface after importing the Au crystal structure

4.8.2 Converting an Au primitive cell to an Au conventional cell

Click Build — Redefine Crystal in fig. 4.34, which will pop up the Redefine Crystal interface as
shown in fig. 4.35. Click Face-centered — Preview in fig. 4.35, and the interface will change as
shown in fig. 4.36. Users can preview the converted structure in the right area of fig. 4.36. After
clicking Build, the Au primitive cell will be converted into an Au crystal cell. The structure file is
saved in the software’s project management area (Project Explorer), and a 3D view of the structure
can be seen in the 3D display area, as shown in fig. 4.37. Au.hzw in fig. 4.37 corresponds to the
Au primitive cell, and Au_Rede.hzw corresponds to the Au crystal cell. Users can select the
structure file according to their computational needs, right-click and select Rename to rename the

structure file.
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IR Redefine Crystal
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fig. 4.35: Redefine Crystal Interface for Au Unit Cell
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fig. 4.36: The operation interface for converting an Au unit cell to an Au crystal cell
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fig. 4.37: Interface after converting the Au primitive cell to the Au conventional cell
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4.8.3 Converting an Au unit cell to an Au supercell

Convert the Au unit cell to a 2*2*4 supercell (referred to as: Ausupercell). Click Build — Redefine
Crystal in fig. 4.37 to open the Redefine Crystal interface. Modify the parameters as shown in the
red box in fig. 4.38. Click Preview to preview the converted supercell structure. Clicking Build
converts the Au unit cell into the Au supercell structure. The structure file is saved in the software’
s project management area (Project Explorer), and a 3D view of the structure can be seen in the
3D display area, as shown in fig. 4.39. Au_Rede_Rede.hzw in fig. 4.39 corresponds to the Au

supercell; users can rename this structure file according to their computational needs.

IR Redefine Crystal X

Redefine crystal by expre g the new cell vectors u, v, and
% a5 a linear co 11 vectors

VANVANVANVANVANVAN VANV
XIXIXDXIXIX D
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4
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fig. 4.38: Operation interface for converting an Au unit cell to an Au supercell
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fig. 4.39: Interface after converting the Au unit cell to a Au supercell

4.8.4 Removing Redundant Atoms and Operations in the Au Su-
percell

*Remove redundant atoms from the Au supercell and center the structure within the unit
cell. To avoid accidentally deleting atoms and making them irretrievable, it is recommended to
copy the Au supercell. Select the Au_Rede_Rede . hzw structure file — right-click — Copy. The
CopyFile interface will appear, as shown in fig. 4.40. Users can rename the file according to their
computational needs, such as Au_SuperCell, or directly use the default name. Then, click the OK
button in the CopyFile interface. The Au_SuperCell.hzw structure file will be stored in the
project management area. Double-click this structure file; its 3D view will be displayed as shown
in fig. 4.41 (a).

E= CopyFile ? bt

New file name:

I.-'LLL_ELL]:'E::E-_-_l

fig. 4.40: CopyFile Interface
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(1) In the 3D display area, with the zy-plane view, mouse-select the area indicated by the red
box in fig. 4.41 (a), then click the Delete Afom icon in the toolbar or press the Delete key on
the keyboard to delete the selected atoms. The result is shown in fig. 4.42 (b).

(2) Click the dropdown button to the right of the 3D Viewer zy View icon on the Toolbars and
select xy View to switch from the zy-plane to the xy-plane, as shown in fig. 4.43 (c). Select
the area within the red box in fig. 4.43 (c) using the mouse, and then click the Delete Atom
icon on the Toolbars or press the Delete key to delete the selected atoms. After deletion,
click the 3D Viewer zy View icon on the Toolbars to switch back to the zy-plane, as shown
in fig. 4.44 (d). First, select the area within the red box in fig. 4.44 (d) using the mouse;
second, hold down the Crrl key and click the area within the green box in fig. 4.44 (d) with
the mouse; finally, click the Delete Atom icon on the Toolbars or press the Delete key to

delete the selected atoms. The result is shown in fig. 4.45 (e).

(3) In the case of fig. 4.45 (e), clicking the Center icon on the Toolbars will center all atoms
in the structure as a whole within the unit cell, as shown in fig. 4.46 (f). After complet-
ing the above series of operations, the structure file Au_SuperCell.hzw (Au_SuperCell

supercell) is obtained, and its 3D view is shown in fig. 4.46 (f).

O note

Selected atoms are highlighted in yellow, allowing users to easily identify them.
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4.8.5 Set X and Y axis directions to vacuum

Set the X and Y axes of the Au_SuperCell supercell to vacuum. Duplicate the Au_SuperCell
supercell and rename it Au_SuperCell_1. Double-click its structure file Au_SuperCell_1.hzw
to display it in the 3D display area. Click the Convert to Crystal shortcut icon on the Toolbars
to open the Convert to Crystal interface. Set the parameters as shown in the red box in fig. 4.47

— preview on the right side of the interface — Build. This will set the X and Y axes of the
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Au_SuperCell_1 supercell to vacuum, as shown in fig. 4.48 (a). Click the Center shortcut icon
on the Toolbars to center all atoms in the unit cell. After centering, the structure will appear as
shown in fig. 4.49 (b). After completing these steps, the structure file Au_SuperCell_1.hzw,

representing the Au_SuperCell_1 supercell, will have a 3D view as shown in fig. 4.49 (b).

O note

Copying and renaming the structural files is for the convenience of this tutorial and to prevent
irreversible errors after a series of operations. Users can decide whether to copy and rename
them based on their modeling needs. Generally, for accidental deletions or misoperations, you

can click the Undo shortcut icon on the Toolbars or press the Ctrl+Z shortcut to undo.

K= Convert to Crystal X
Lattice

Bravais lattice |UserDefined ~

x(A) y(&) =(4)

c 0 o 16.3132

fig. 4.47: Convert to Crystal interface

O note

After clicking the Build button in the fig. 4.47 interface, if the 3D view of the
Au_SuperCell_1.hzw structure does not appear in the appropriate location in the 3D dis-
play area, the user can reset the 3D view to the appropriate location by clicking the 3D Viewer

zy View shortcut icon on the Toolbars or by pressing the shortcut key Ctrl+R. The reset 3D
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view of the structure is shown in fig. 4.49 (b). Users can use this method to reset the 3D
view whenever it is not in the appropriate location in the 3D display area during the

modeling process.

I Au_SuperCell_1.hzw I Au_SuperCell 1.hzw

fig. 4.48: (a) fig. 4.49: (b)

4.8.6 Mirror the structure and reset the lattice constants

Mirror the selected atoms, reset the lattice constant, and center the structure. As shown in fig.
4.50, select all atoms — click the Mirror Atom shortcut icon — the Mirror interface pops up —
set parameters — check Copy — click Apply. The structure will then be as shown in fig. 4.52
(a). Based on fig. 4.52 (a), click the Convert to Crystal shortcut icon. The Convert to Crystal
interface will pop up, as shown in fig. 4.51. Set the parameters as shown in the red box in the
figure. Preview the structure with the reset lattice constant on the right side of the interface. Click
Build, then click the Center shortcut icon to center all atoms of the structure with the reset lattice

constant in the unit cell. The centered structure is shown in fig. 4.53 (b).
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fig. 4.51: Au_SuperCell_1 Supercell Lattice Constant Resetting Operation Interface
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I Au_SuperCell_1.hzw % Au_SuperCell_1.hzw

fig. 4.52: (a) fig. 4.53: (b)

4.8.7 Setting up a Two-Port Device Structure

Import the alkanethiol molecule structure and copy it to the center of the Au_SuperCell_1 super-

cell structure. Then, build the two-port device structure.

(1) Import the alkanethiol molecular structure as shown in fig. 4.54.

I2 Alkanethiolhzw =N RS

fig. 4.54: Alkanethiol molecule

(2) Double-click Au_SuperCell_1.hzw to open the Au_SuperCell_1 supercell structure. Box-
select the alkanethiol molecule structure and press the shortcut key Crrl+C to copy it. Click
the left side of the interface in fig. 4.53 (b) and press the shortcut key Ctrl+V to paste
the alkanethiol molecule structure into the Au_SuperCell_1 supercell structure, as shown
in fig. 4.55 (a). To easily move the pasted alkanethiol molecule structure to the center

of the Au_SuperCell_1 supercell structure, click the drop-down button to the right of the
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3D Viewer zy View shortcut icon and select ZX zx View to switch from the zy plane to

the zx plane, as shown in fig. 4.56 (b). Select the alkanethiol molecule structure and click

the Center shortcut icon to move the alkanethiol molecule structure to the center of the

Au_SuperCell_1 supercell structure, as shown in fig. 4.57 (c). Click the 3D Viewer zy View

shortcut icon to switch back to the zy plane, as shown in fig. 4.58 (d).
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fig. 4.60: (f)

(3) Click the Convert to Device shortcut icon.

The Convert to Device interface will pop up,

as shown in fig. 4.61. Select the parts in the red boxes, then click Preview to preview the

4.8. Device Modeling
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two-port device structure on the right side of the interface. Clicking Build will generate the

two-port device structure Device_Au_SuperCell_1.hzw, as shown in fig. 4.59 (e).
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fig. 4.61: Convert to Device Interface

4.8.8 Adding a Buffer Layer to the Device Structure

Users can choose whether to add a buffer layer to the built two-port device structure based on
computational needs; there is no mandatory requirement. For example, to add a buffer layer to
the Device_Au_SuperCell_1.hzw device structure near the electrode along the transport direction
(Z-axis), using an atom-layer incremental method, double-click to open the device structure —
click Simulator — Nanodcal — Add Buffer in the software menu bar. The Add Buffer interface,
as shown in fig. 4.62, will appear. Click the + button twice after Left. A preview of the buffer
layer added to the left side of the device along the transport direction will be shown on the right
side of the interface. Clicking Build will generate the two-port device structure with the added
buffer layer, Device_Au_SuperCell_1_Buffer.hzw, as shown in fig. 4.60 (f).
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I= Add Buffer
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fig. 4.62: Add Buffer Interface

O note

The addition of buffer layers to the device structure described above is merely an example;

users can decide whether to add buffer layers near both ends of the electrodes and how many

layers to add, based on their computational needs.

4.9 Export Structure

For a built structure, such as the two-port device structure Device_Au_SuperCell_1_Buffer.

hzw, to export this structure file, double-click to open the structure file — click File — Export in

the software to bring up the export interface. Users can select the storage location, name the

structure file (or use the default name), and choose the storage format as needed.

4.9. Export Structure
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CHAPTER

FIVE

STRUCTURE EDITING AND INFORMATION
MEASUREMENT

For structure manipulation, users should first carefully read the descriptions of each shortcut icon
in Toolbars, then perform the corresponding operations as needed. The structure view after the

operation can be viewed in the 3D display area.

5.1 Basic Operations for 3D Structure Display

Device Studio supports viewing the 3D structure from 2Y, XY, XZ, YZ, YX, and ZX planes, as
shown in the NaCl (111) crystal structure in the 3D display area (NaC1 (111) .hzw). Users can
reset the structure to the ZY plane by clicking the 3D Viewer zy View shortcut icon in the toolbar.
Clicking the dropdown button of this shortcut icon allows selection of XY, XZ, YZ, YX, or ZX
planes to view the 3D structure of the NaCl (111) crystal. The 3D views of the NaCl (111) crystal
structure from the ZY, XY, XZ, YZ, YX, and ZX planes in the 3D display area are shown in fig.
5.1, fig. 5.2, fig. 5.3, fig. 5.4, fig. 5.5, and fig. 5.6, respectively.
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fig. 5.1: 3D View of NaCl (1 1 1) ZY Plane  fig. 5.2: 3D View of NaCl (1 1 1) XY Plane
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fig. 5.3: 3D view of NaCl (1 1 1) XZ plane fig. 5.4: 3D view of NaCl (111) YZ plane
I3 NaCl{111).hzw (=N i = NaCl(i11)haw E@@-

fig. 5.5: 3D view of NaCl (1 1 1) YX plane fig. 5.6: 3D view of NaCl (1 1 1) ZX plane

In the 3D structure display area, users can zoom in or out of the 3D view of the structure by
scrolling the middle mouse button; they can pan the 3D view of the structure in this area by first
selecting the 3D Viewer Translation Mode shortcut icon in the toolbar or holding down the middle
mouse button and dragging the mouse; they can rotate the 3D view of the structure in this area by
first selecting the 3D Viewer Rotation Mode shortcut icon in the toolbar or holding down the right

mouse button and dragging the mouse.
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5.2 Structure Modification Operations

Taking crystalline MoS<sub>2</sub> as an example to illustrate a series of structural modification
operations, prepare the structure file (MoS2 . hzw). Drag and drop this file into the Project Explorer
area of the software to import the structure. The 3D view of the structure in the zy plane is shown
in fig. 5.12 (a).

5.2.1 Adding Atoms

To add a Cr atom to crystalline MoS<sub>2</sub>, as shown in red in fig. 5.7, click the Add
Atom shortcut icon in the Toolbars. The periodic table will pop up. Select Cr in the periodic table
and click OK. Click the left mouse button at position @ in the interface shown in fig. 5.7. Then
click the Recalculate LinkerBond shortcut icon to recalculate bond lengths. This completes the
operation of adding a Cr atom to MoS<sub>2</sub>. The completed 3D view is shown in fig.
5.13 (b).
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fig. 5.7: Add atomic operation interface
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5.2.2 Delete Atom

To delete an S atom, as shown in the structure in fig. 5.13 (b), follow the steps illustrated in
the red portion of fig. 5.8. Select the S atom to be deleted, click the Delete Atom shortcut icon
on the toolbar, or press the Delete key. Then, click the Recalculate LinkerBond shortcut icon to

recalculate bond lengths. The 3D view after deleting the S atom is shown in fig. 5.14 (c).
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fig. 5.8: Remove Atom Operation Interface

5.2.3 Replacement Atom

To replace a Cr atom with a W atom in the structure shown in fig. 5.14 (c), follow the steps shown
in red in fig. 5.9. Select the Cr atom to be replaced, click the Replace Atom shortcut icon in the
Toolbars, select W from the periodic table that appears, click OK, and then click the Recalculate
LinkerBond shortcut icon to complete the replacement. The 3D view of the resulting structure is
shown in fig. 5.15 (d).
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fig. 5.9: Replace Atomic Operation Interface

5.2.4 Modifying Atomic Coordinates

To modify the coordinates of the W atom from (0.79757905, 1.84840857, 7.24943971) in fig.
5.15(d) to (1.0, 1.5, 12.0), follow the steps shown in red in fig. 5.10. First, select the W atom with
the mouse. The coordinates of the selected W atom, (0.5951619, 1.47565329, 7.18570423), will
be displayed in the Properties Explorer. Then, double-click the appropriate fields and enter 1.0,
1.5, and 12.0 respectively to modify the W atom’s coordinates. Finally, click the Recalculate Link-
erBond shortcut icon to recalculate bond lengths. The 3D view of the structure after modifying

the atomic coordinates is shown in fig. 5.16 (e).
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fig. 5.10: Modify Atomic Coordinates Operation Interface

5.2.5 Move the selected atom

For the structure shown in fig. 5.16 (e), move the two leftmost atoms as shown in the red portion
of fig. 5.11. First, select the two leftmost atoms with the mouse. Click the Move Afom shortcut
icon to open the Move Atom dialog. Enter the distance to move in the dialog and click to move
along the positive Z direction (+z). After moving, click the Recalculate LinkerBond shortcut icon

to recalculate the bond lengths. The 3D view of the structure after moving is shown in fig. 5.17

(f).
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fig. 5.11: Move the selected atomic operation interface

This only describes a portion of the structural modification operations. Users can refer to the

descriptions of each shortcut icon in 7oolbars for details and perform corresponding structural

operations as needed.
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5.3 Information Measurement of Structure

A series of operations for measuring structural information is described using the Si8 crystal
structure as an example. Prepare the structure file (Si8.hzw), and drag and drop it into the
Project Explorer of the software to import the structure. The 3D view of the structure’s zy plane

is shown in fig. 5.18.
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I: sighzw

fig. 5.18: Si8 Crystal Structure

O E5=m

To measure structural information, multiple atoms often need to be selected. It is recom-
mended that users first select the corresponding shortcut icon on the 7oolbars and then hold
down the Ctrl key while individually selecting atoms in the structure. Without holding down
the Crrl key, multiple atom selection via mouse clicks is not possible, and therefore structural

information measurement cannot be performed.

5.3.1 Measuring the distance between two atoms

For the crystal structure shown in fig. 5.18, click the Distance shortcut icon on the Toolbars, hold
down the Ctrl key on the keyboard, and then select two atoms in the structure with the mouse to
measure the distance between the selected two atoms, as shown in fig. 5.19 (a). If you do not want

to keep the measurement numbers, right-click and select “Clear Annotation”.

5.3.2 Measuring the vector between two atoms

For a crystal structure as shown in fig. 5.18, click the Vector between two atoms shortcut icon on
the Toolbars, hold down the Ctrl key on the keyboard, and then select two atoms in the structure

with the mouse to measure the vector between the selected two atoms, as shown in fig. 5.20 (b).
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5.3.3 Measuring the Angle Between Three Atoms

For a crystal structure as shown in fig. 5.18, click the Angle shortcut icon on the Toolbars, hold
down the Ctrl key on the keyboard, and then select three atoms in the structure with the mouse to

measure the angle between the selected three atoms, as shown in fig. 5.21 (c).

5.3.4 Measuring the dihedral angle between four atoms

For a crystal structure as shown in fig. 5.18, click the Dihedral angle shortcut icon on the Toolbars,
hold down the Ctrl key on the keyboard, and then select four atoms in the structure with the mouse

to measure the dihedral angle between the selected four atoms, as shown in fig. 5.22 (d).

(oo em] msakw

fig. 5.19: (a) fig. 5.20: (b)
=R EEE ) I3 sighow

fig. 5.21: (c) fig. 5.22: (d)
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SIX

ATOMIC STRUCTURE REFINEMENT MODULE

The Device Studio’s new Structure Refinement Module (SRM) significantly enhances the render-
ing and anti-aliasing of 3D atomic structure displays. It displays atomic structures using equiva-
lent atoms, supporting both ball-and-stick and polyhedral modes. In polyhedral mode, polyhedron
transparency can be adjusted. Users can modify the color, radius, and lighting of individual atoms,
multiple atoms of the same element, or groups of atoms. The SRM includes Device Studio ini-
tial templates, allowing users to create custom templates with defined color, radius, and lighting

parameters, which can then be applied to imported atomic structures.

This chapter will use the Si16032 crystal structure (Si16032.hzw) as an example to detail the

functions of the Structure Refinement Module.

*Key Features of the Atomic Structure Refinement Module are as follows:

— Added an atomic structure refinement module, comprehensively upgrading the ren-

dering and anti-aliasing effects of the 3D atomic structure display;

— = Smoother and more three-dimensional atomic structure display for improved vi-

sualization.

— Added support for displaying atomic structures as equivalent atoms, with options for

ball-and-stick or polyhedron modes;

— = Users can select the display mode for atomic structures: ball-and-stick or poly-

hedron;

« In polyhedron mode, users can adjust the polyhedron’s color and transparency.

Added support for 3D structure view editing;

+ Supports modifying the color, radius, and lighting of a single atom, multiple

atoms of the same element, or multiple atoms within an atomic structure.

Added Device Studio template functionality;
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O note

+ Two Device Studio initial templates are currently available, allowing users to

select and apply a template to the atomic structure;

« Templates are configured based on the periodic table of elements, including pa-

rameters such as color, radius, lighting, and background color.
Added support for creating user-specific templates;

« Users can set parameters such as template color, radius, lighting, and background

color to generate and apply custom templates.

Added support for controlling the display or hiding of Axes, Cell, and OABC in the
SRM structure display area;

Added support for setting the background color of the 3D structure view (SRM struc-

ture display area);

« Supports setting the background color of the SRM structure display area, includ-

ing gradient effects.
Added structure import, save, and export functionalities.

« Supports importing and displaying .dsxml, .hzw, .xyz, .cif, .pdb, and .mol struc-

ture files;
* Supports exporting .hzw, .xyz, and .cif structure files;

« Supports exporting 3D views of atomic structures in .png, .jpg, .bmp, .pdf, .tif,

and .eps image formats.

— The .dsxml format is exclusive to the Device Studio atomic structure refinement

module. To continue editing a structure file in a subsequent session, it is recom-
mended to save it as a .dsxml file via the Atomic Structure Refinement Module

interface, such as in fig. 6.1, by clicking File — Save As.

— Since the Structure Refinement module displays the structure file in a 3D view, and

.mol structure files are available in both 2D and 3D formats, users who need to
import this type of structure file into the Structure Refinement module are advised

to import the 3D .mo1 structure file.
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6.1 Introduction to the Graphical User Interface of the

Atomic Structure Refinement Module

The graphical user interface (GUI) of the Structure Refinement Module (SRM) is shown in fig.

o

n

Lol A

6.1.
Click to open the setting interface Aoms | Model  Rendeing Selectio

Style & Label Col  r(A)
3 3D structure display area o o © 1.06
va@si @ 14
st @ 148
Si2 O 1.46
sz @ 148
Si4 O 1.46
ss @ 146
Si6 O 146
st @ 148
sig O 1.46
Si9 O 1.46
siio @ 148
Sit1 O 146
Si12 O 1.46

<

X

fig. 6.1: Atomic Structure Refinement Module Graphical User Interface

6.1.1 SRM Menu Bar

The Structure Refinement Module (SRM) menu bar is shown in fig. 6.2.

L= Structure Refinement Module-[Si16032]

File Edit

fig. 6.2: Atomic Structure Refinement Module Menu Bar

6.1. Introduction to the Graphical User Interface of the Atomic Structure
Refinement Module
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6.1.1.1 SRM Menu Bar - File

Clicking File on the Structure Refinement Module (SRM) menu bar displays the interface shown

in fig. 6.3.

| Import

- Save
I Save As

|4 Export Data
F& Export Image

{F Setting

Exit

fig. 6.3: SRM - Menu Bar - File

e — Import : Clicking this opens a dialog box (as shown in fig. 6.27) for importing structure

files (.dsxml, .hzw, .xyz, .cif, .pdb, .mol), allowing users to import atomic

structures as needed.

*  — Save: Initially grayed out and disabled. It becomes highlighted and enabled after the

user edits the atomic structure. Clicking it saves the user’s edits to the atomic structure
parameters. This action subsequently invokes the Save As dialog (as shown in fig. 6.4)

to save the structure file (. dsxm1l).

e - Save As : Clicking this button opens a dialog box for saving the structure file (.

dsxml), allowing the user to name the file and choose a save location, as shown in fig.
6.4.

Export Data : Clicking this button opens a dialog for exporting structure files (. hzw,
.xyz, .cif). Users can select the file format, name the file as needed, and choose a

storage location, as shown in fig. 6.5.

Export Image: Clicking this button opens a dialog for exporting image files (. png, .
jpg, .bmp, .pdf, .tif, .eps). Users can name the image file as needed and select

a storage location, as shown in fig. 6.6.

Setting : Clicking this opens the Setting interface, which contains Device Studio tem-

plates. Parameters such as element radius, color, and lighting can be set within the
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templates.

. — EXxit : Click to close the atomic structure refinement module interface.
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fig. 6.6: Export Image Files (.png, .jpg, .bmp, .pdf, .tif, .eps) Interface

6.1.1.2 SRM Menu Bar - Edit

Click Edit on the Structure Refinement Module (SRM) menu bar; the interface is shown in fig.

6.7.
“ Home ZY View
fig. 6.7: SRM - Menu Bar - Edit
* — Home ZY View: Clicking this restores the atomic structure to its initial state in the
structure display area. The dropdown allows selection of different 3D views of the
structure.
© note

The Home ZY View primarily targets atomic structures that have been rotated, translated,

zoomed, or scaled. Users can restore the initial state with a single click as needed.
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6.1.2 SRM Toolbar

The Structure Refinement Module (SRM) menu bar is shown in fig. 6.8.

PERABEBY - O
000000 0

fig. 6.8: Structure Refinement Module Toolbar

The functions of each icon in the SRM toolbar are shown in the table below:
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Num- Icon IconName  Function Description
ber
1 D Import After clicking, a dialog box for importing structural files pops
up, allowing users to import atomic structures as needed.
[Tl
2 [ 1 save After clicking, save the user’s edited parameters for the atomic
structure.
3 % Save As After clicking, a dialog box pops up for saving the structure
file (.dsxm1l), allowing you to save the structure file.
B
4 L1 Export Data  After clicking, a dialog box pops up for exporting structural
files (.hzw, .xyz, .cif), allowing users to select the desired
file format.
5 L ExportImage After clicking, a dialog box will pop up allowing you to ex-
port the image file (.png, .jpg, .bmp, .pdf, .tif, .eps).
Users can name the structure file and select a storage location
as needed.
oF
6 @ Setting After clicking, the Setting interface pops up. This interface
contains Device Studio templates, allowing you to set param-
eters such as the radius, color, and lighting of elements in the
template.
7 ﬁ Home ZY After clicking, restores the initial state of the atomic structure
View in the structure display area. Clicking the dropdown allows you
to view the 3D structure from different perspectives.
8 li' Show Axes Show Axes
9 k’ Hide Axes Hide Axes
10 Show Cell Show Cell when the structure is a crystal or a device.
i
11 “W__i Hide Cell Hide the Cell when the structure is a crystal or device.
)
12 W& Show OABC Show OABC when the structure is a crystal or device.
oy
o
13 ! Hide OABC Hide OABC when the structure is a crystal or device.
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O note

The first seven icons in the SRM toolbar correspond to those in the SRM menu bar; detailed
functions can be found in the SRM menu bar. The Show Cell, Hide Cell, Show OABC, and

Hide OABC functions are only activated when the imported structure is a crystal or device.

6.1.3 SRM - Structure Display Area

The Structure Refinement Module (SRM) structure display area, as shown in fig. 6.9, has the

following functions:

Displays a 3D view of the atomic structure;

Supports zooming the 3D view of the atomic structure in and out by scrolling the

mouse wheel.

Supports rotating the 3D view of the atomic structure by holding down the right

mouse button and dragging the mouse.

Supports panning the 3D view of the atomic structure by holding down the middle

mouse button and dragging the mouse;

Real-time display of atomic structure edits is supported.
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fig. 6.9: Atomic Structure Refinement Module Structure Display Area

6.1.4 SRM Parameter Adjustment Area

The Structure Refinement Module (SRM) parameter area, as shown in fig. 6.10, is divided into

four sections: Atoms, Model, Rendering, and Selection. Each section will be explained below.

Atoms Madel Rendering Selection

Style & Label Col riA) L
@0 @ w -
Si O 146 =~

fig. 6.10: Atomic Structure Refinement Module Parameter Adjustment Area

O note
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The atomic structure refinement module parameter adjustment area is activated only after a

structure has been imported; otherwise, it is grayed out and unusable. Descriptions of this

area’s functionality are provided only when it is activated and usable.

6.1.4.1 SRM - Parameter Adjustment Area - Atoms Area

The Atoms area in the parameter adjustment region of the Structure Refinement Module (SRM),

as shown in fig. 6.11, provides the following functionality:

Supports collapsing atoms in the atomic structure by element pattern or expanding

them by label pattern; the default is collapsing by element pattern.

Supports modifying the color and radius of atoms of the same element within the

atomic structure;

Supports modifying the color and radius of a single atom in the atomic structure;
Supports showing or hiding all atoms of the same element in the atomic structure.
Show or hide individual atoms in the atomic structure;

Supports showing or hiding the labels of all atoms of the same element in the atomic

structure;

Supports showing or hiding the label of a specific atom in the atomic structure.
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fig. 6.11: Atoms Area in the Structure Refinement Module Parameter Adjustment Region

The following describes the functions of each labeled item in the Atoms area of the Structure

Refinement Module (SRM) parameter adjustment region, as shown in fig. 6.11:

e — Label ®infig. 6.11: Collapse atoms in the structure by element type or expand them
by label.

— = When the button arrow points down, clicking it will collapse all expanded 0 atoms

according to the O element pattern;

— * When the button arrow points right, clicking will expand all 0 atoms according

to the label mode.

* — Number @ in fig. 6.11: Show or hide all atoms of the same element in the structure

in the SRM structure display area;
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+ Checked, all 0 atoms are shown in the SRM structure display area;

« Unchecked, all 0 atoms are hidden in the SRM structure display area.

Number @ in fig. 6.11: Modify the color of the same element in the structure;

« Click @ in fig. 6.11 — The Select Color interface pops up as shown in fig. 6.12

— Select a color or enter RGB values — Click the OK button to modify the color

of the 0 element (i.e., the color of all 0 atoms).

~
O note

When the atomic structure is displayed in polyhedral mode, modifying

modify the color of the polyhedra.

elements in the structure will change the color of the polyhedra. Users can use this method to

the color of atoms or
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e
fig. 6.12: Select Color Interface
e - Label @ in fig. 6.11: Modify the radius of the same element in the structure;

— = Double-click label @ in fig. 6.11 — modify the radius value to change the radius

of the o element (i.e., the radius of all 0 atoms).
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O note

This radius value is of Double type and is rounded to two decimal places.

Item ® in fig. 6.11: Shows or hides the labels of all atoms of the same element in the

SRM structure display area;

+ When the eye button is closed, the labels of all 0 atoms are hidden in the SRM

structure display area;

+ When the eye button is open, the SRM structure display area shows the labels of

all o atoms.

Item ® in fig. 6.11: Shows or hides a specific atom in the SRM structure display area;

+ Checking this box displays the si1 atom in the SRM structure display area;

« Unchecking this will hide the si1 atom in the SRM structure display area.

No. @ in fig. 6.11: Modify the color of an atom in the structure;

# Click label @ in fig. 6.11 — The Select Color interface, as shown in fig. 6.12, will
pop up — Select a color or enter RGB values — Click the OK button to modify

the color of the si1 atom.

Label ® in fig. 6.11: Modify the radius of an atom in the structure;

+ Double-click label ® in fig. 6.11 — modify the radius value to change the radius

of the si1 atom.

Number @ in fig. 6.11: Show or hide the label of a specific atom in the SRM structure

display area;

— = When the eye button is closed, the label of the si1 atom is hidden in the SRM

structure display area;

— = When the eye button is open, the label of the si1 atom is displayed in the SRM

structure display area.

fig. 6.11, label ©@: Hovering the mouse over this location will display the atom label;

« If the atom label is too long to be fully displayed, place the mouse cursor over it
to show the complete label. For example, placing the cursor over label © in fig.

6.11 will display the complete label si2.

108

Chapter 6. Atomic Structure Refinement Module



Device Studio Manual

* — Number [/ in fig. 6.11: This can be any location in the Atoms area. You can modify

the color or radius of all elements in the structure by right-clicking.

— = Change the color of all elements in the structure: Right-click — Color — Device

Studio template 1 or Device Studio template 2;

— = Modify the radius of all elements in the structure: Right-click — Radius — De-

vice Studio template 1 or Device Studio template 2.

O note

Device Studio templates 1 and 2 are initial templates for Device Studio. These templates are
configured based on the periodic table and include parameters such as color, radius, lighting,

and background color. Selecting a template applies all of its parameters to the structure.

6.1.4.2 SRM - Parameter Adjustment Area - Model Area

The Model area in the parameter adjustment region of the Structure Refinement Module (SRM),

as shown in fig. 6.13, provides the following functionalities:

Supports selecting the display mode of the atomic structure: ball-and-stick mode or

polyhedral mode;

In polyhedron mode, the polyhedron transparency can be adjusted;

Supports controlling the visibility of Axes, Cell, and OABC within the SRM structure

display area.

Supports setting the background color of the SRM structure display area, including

gradient effects.
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Picture: 0OSE

fig. 6.13: Structure Refinement Module Parameter Adjustment Area - Model Area

The following describes the functions of each labeled item in the Model area of the Structure

Refinement Module (SRM) parameter adjustment region, as shown in fig. 6.13:

In fig. 6.13, label ®: Clicking @ selects the ball-and-stick model for displaying the

atomic structure;

Infig. 6.13, label @: Clicking @ selects the polyhedral model for displaying the atomic

structure;

In fig. 6.13, label ®: In polyhedral mode, clicking area ® increases the transparency

of the polyhedra, making them increasingly transparent;

In fig. 6.13, label @: In polyhedral mode, dragging label @ adjusts the transparency

of the atomic structure polyhedra;

« Left-click and drag the button in area @ to the left to increase the polyhedron’s

transparency, making it more transparent.

« Click and hold the button in area @ with the left mouse button and drag to the

right to decrease the polyhedron’s transparency, making it increasingly opaque.

In fig. 6.13, clicking area ® in polyhedron mode reduces the polyhedron’s trans-

parency, making it increasingly opaque;
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O note

Items @, @, and ® in fig. 6.13 (i.e., polyhedron transparency adjustment) are only active when
item @ (Polyhedral) is selected, meaning the atomic structure display mode is set to polyhedral.
Otherwise, they are grayed out and unavailable. Only one of the ball-and-stick and polyhedral

modes can be selected at a time.

Number ® in fig. 6.13: Shows or hides coordinate axes in the SRM structure display

area;

+ Checked, the coordinate axes of the atomic structure will be displayed in the

SRM structure display area;

+ Unchecked, the atomic structure coordinate axes are hidden in the SRM structure

display area.

Item @ in fig. 6.13: When the structure is a crystal or device, show or hide its cell in

the SRM structure display area;

+ When checked, the atomic structure’s cell is displayed in the SRM structure dis-

play area;

« Unchecked, the atomic structure Cell is hidden in the SRM structure display area.

Item ® in fig. 6.13: When the structure is a crystal or device, show or hide its OABC
in the SRM structure display area;

— * When checked, the OABC of the atomic structure is displayed in the SRM struc-

ture display area;

+ Unchecked, hides the OABC atomic structure in the SRM structure display area.

O note

Labels @ and ® in fig. 6.13 are only activated when the imported structure is a crystal or device;

if the imported structure is a molecule, both functions are grayed out and unavailable.

* — Number @ in fig. 6.13: Modifies the background color of the SRM structure display

area;

— * Click label @ in fig. 6.13 — A Select Color dialog box will pop up as shown in
fig. 6.12 — Select a color or enter RGB values — Click the OK button to modify
the background color of the SRM structure display area.
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Number © in fig. 6.13 sets the background color of the SRM structure display area

to a gradient effect;

« Checked: Sets the background color to a gradient effect;

« Unchecking this option disables the background gradient effect.

In fig. 6.13, item [2: When item © (i.e., Use Gradient) in fig. 6.13 is checked, click

the dropdown button to select the gradient type for the background color.

O note

In fig. 6.13, item [?] is activated only when item @ (i.e., Use Gradient) is checked; otherwise,

it is grayed out and unavailable.

6.1.4.3 SRM - Parameter Adjustment Area - Rendering Area

The Rendering area in the Structure Refinement Module (SRM) parameter adjustment region,
as shown in fig. 6.14, is divided into three parts: Atom, Bonds, and Lighting. These allow for
lighting adjustments to atoms, bonds, and the entire atomic structure, respectively. Atom and
bond lighting is controlled by three parameters: Multiplier, Diffuse, and Shininess. The Lighting
section adjusts the lighting of the entire atomic structure. This module provides the following

functionality:

Supports individual lighting adjustments for atoms and bonds within the atomic struc-

ture;

Global illumination adjustment for the entire atomic structure is supported.

« Supports illuminating the atomic structure with multiple light beams, up to a

maximum of four.

« Supports adjusting the position of the light beams on the atom.

+ Supports adjusting the beam intensity;

« Supports adjusting the ambient light parameters.
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fig. 6.14: Structure Refinement Module Parameter Adjustment Area - Rendering Area

The following describes the functionality of each labeled feature in the Rendering area of the

Structure Refinement Module (SRM) parameter adjustment region, i.e., fig. 6.14:

* - Atom section: Adjusts the lighting of atoms in the atomic structure;

— =« Labels ®, @, ® and @, @, 2] in fig. 6.14: Adjust the lighting of atoms in the

structure by dragging the slider at positions @, @, ® or setting the numerical

value at positions @, @, [2. This is achieved by adjusting the Multiplier (high-

light coefficient), Diffuse (diffuse reflection coefficient), and Shininess (shini-

ness) parameters, and the effect can be seen in real time in the SRM structure

display area.

* - Bond section: Adjusts the lighting of bonds in the atomic structure;
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*k

The lighting parameters in this section are adjusted in the same way as in the

Atom section and will not be described here.

Lighting section: Adjusts the overall lighting of the atomic structure. Spotlight 1 to

Spotlight 4 represent four light sources, initially positioned at four fixed locations (two

frontal, two rear). A maximum of four spotlights can illuminate the atomic structure.

_— k

Item @ in fig. 6.14: Controls whether a light beam (e.g., Spotlight 1) illuminates

the atom, with real-time effects visible in the SRM structure display area.
- Checked, the beam (e.g., Spotlight 1) illuminates the atoms;
- Unchecked, the beam (e.g., Spotlight 1) will not illuminate the atom.

Item ® in fig. 6.14: Adjusts the brightness of the beam (e.g., Spotlight 1), with

real-time effects visible in the SRM structure display area.

- Click the button in area ® with the left mouse button, hold and drag to the

left to decrease the beam brightness, making it dimmer.

- Click and hold the button in area ® with the left mouse button and drag to

the right to increase the beam brightness.

Number ® in fig. 6.14: Adjusts the position of the beam illuminating the atom,

with the adjustment effect visible in real time in the SRM structure display area;

- Clicking label ® in fig. 6.14 adjusts the beam’s position on the atom, as
shown in fig. 6.15.

Click labels @ and ® in fig. 6.14, drag label @ to slide the button or set the
value at label ® to adjust the atom structure lighting via the Ambient parameter.

The adjustment effect can be seen in real-time in the SRM structure display area.
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Lighting

spotight 1 [ o
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T

fig. 6.15: User interface for adjusting the beam’s position on the atoms.

O note

. — Multiplier (specular coefficient) ranges from [0, 1], with a default value of 0.7 for
both Atom and Bond sections;

. — Diffuse (Diffuse Reflection Coefficient) ranges from [0, 1], with a default value of
1 for both Atom and Bond sections;

. — Shininess (glossiness) ranges from [0.001, 1], with a default value of 1 for both
Atom and Bond sections;

. — Ambient (ambient light) ranges from [0, 1], with a default value of 0.5.

& J

6.1.4.4 SRM Parameter Adjustment Area - Selection Area

The Selection area in the Structure Refinement Module (SRM) parameter adjustment region is
initially grayed out and unavailable. It is activated by selecting an atom in the SRM structure dis-
play area. For example, selecting atom 04 3 in the S116032 crystal structure in the SRM structure
display area will display the properties of atom 043 in the Selection area, as shown in fig. 6.16.

The module’s functions are as follows:
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XL values 1.8755, 8.0295, 9.9050 A
[ ] Show label

fig. 6.16: Atom Structure Refinement Module Parameter Adjustment Area - Selection Area

*  — Element symbol : Displays the element symbol of the selected atom (e.g., 043 atom),
not editable;

* - Label : Displays the label of the selected atom (e.g., atom 043). It is editable.

*  — Color : Displays the color of the selected atom (e.g., 043 atom). Clicking the color

button after Color — opens the Select Color interface as shown in fig. 6.12 — select

a color or enter RGB values — click the OK button to modify the color of the 043

atom,;
*  — Radius : Displays the radius of the selected atom (e.g., 043 atom), and allows editing.
*  — XYZ values : Displays the coordinates of the selected atom (e.g., atom 043), which

are not editable;

. — Show label : When checked, shows the label of the selected atom (e.g., 043 atom) in

the SRM structure display area; otherwise, hides it.

6.1.5 SRM Setting Interface

Click the Setting icon in the Structure Refinement Module (SRM) graphical user interface SRM
toolbar as shown in fig. 6.17, to open the SRM Setting interface as shown in fig. 6.18. This module

provides the following functionalities:

* - Supports user selection of Device Studio initial templates and their application to the

structure;
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— =« Initial templates Device Studio template 1 and Device Studio template 2 are

shown in fig. 6.18 and fig. 6.19 respectively.

e — Users can customize parameters such as color, radius, lighting, and background color

to generate and apply a personalized template.

£s Structure Refinement Module-[Si16032]

File Edit

i R

&- 0O

fig. 6.17: Steps to Open the Setting Interface

% Setting
| Template Device Studio template 1 Alter template
Template display
He 097
Li 126
Be 155
B 148
Cc 118
N 1.08
0 0 () 1.06
Q F O 1.02
Ne 1.07
Q Na O 158
Mg 120
Al 174
Si 146
P 125
s 125
cl 122
Ar 131
o K O 191
ca 160
sc 1.40
v
Click on default to recover the original template OK Cancel Apply

fig. 6.18: Settings Interface (Device Studio template 1)

6.1. Introduction to the Graphical User Interface of the Atomic Structure 117
Refinement Module



Device Studio Manual

[+

Template | Device Studio template 2 |

Moms  Model  Rendeng  Selection
Style & Label Col (A) A
H Ii 033
we () 1z

Q Li .. 078
Be @) 0.45
B @ 0.03
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o F
\) Ne
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Mg -_ 120
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Q Si
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al @ 0o
A .' 192
(% 15 @ 143
ca @ 109

sc O] 154

Defaut oK Cancel Apply

fig. 6.19: Settings Interface (Device Studio template 2)

Functional description of parameters in the Setting interface of the atomic structure refinement
module fig. 6.18:

* - Template Selection Area:

— = The Structure Refinement module currently includes two Device Studio initial
templates, Device Studio template 1 and Device Studio template 2, as shown in
fig. 6.18 and fig. 6.19 respectively. A dropdown button allows selection; Device

Studio template 1 is used by default. The templates contain:

« - The template is arranged according to the periodic table, and by default dis-

plays all atoms in the periodic table structure;

« - Labels for all atoms in the default periodic table structure;

« - Default element color parameter;

« - Default element radius parameter;

# - Default lighting parameters;

« - The default background color for displaying the periodic table structure is
black.
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* - Template Display Area:

— = Displays the template element periodic table structure file, and also displays real-

time adjustments to template parameters in this area;
* - Template Parameter Adjustment Area:

— = This area has the same functionality as the SRM parameter adjustment area in
the atomic structure refinement module, except that the polyhedral mode for
selecting the periodic table structure of template elements is unavailable. Further

details are omitted here.
* = Default : Clicking this button restores the Device Studio initial template;

* - OK : Clicking this button closes the Setting interface, saves the template parameters,

and applies the parameters to the structure in the atomic structure refinement template

interface;

*  — Cancel : Clicking this button closes the Setting window without saving the template
parameters;

- Apply : Click this button to save the template parameters without closing the Setting

interface, and apply the parameters to the structure in the atomic structure refinement

template interface.

O note

To generate a user-specific template, you can modify the initial Device Studio templates, De-
vice Studio template 1 and Device Studio template 2, based on fig. 6.18 and fig. 6.19 respec-
tively. Adjust parameters such as color, radius, lighting, and background color, then click
OK or Apply in the Setting interface. Refer to SRM Parameter Adjustment Area for detailed

parameter adjustment instructions.

6.2 Importing Structures into the Atomic Structure Re-
finement Module

Before using the Structure Refinement Module (SRM), you need to log in and start and create a
project. To import the Si16032 crystal structure, drag and drop the Si16032 structure file into
the Device Studio Project Management Area (Project Explorer) area (import structure). There are

two ways to import the structure into the SRM via the Device Studio main interface.
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1. Method 1: If the structure (e.g., S116032 crystal structure) is already displayed on the
Device Studio main interface, as shown in fig. 6.20, the Si16032 crystal structure can be

imported into the Structure Refinement Module as shown in fig. 6.21;

K3 Device Studio - [5116032.hzw] = _ o x
File Edit View Buld Simulator Window Help O ¥=55
BB B-® R P d R-DEE] 8RB Hian ®B-B-H-E- S8 HdHead

Project

IR DeviceStudio20228-20221129

(= 5i16032haw|

B ool =
{1 Devidhn b
(& Vitamin Ehzw

fig. 6.20: Device Studio main interface showing the Si16032 crystal structure (without equiva-

lent atoms shown).
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ER Structure Refinement Module-[Si16032] — O b
File Edit
PO RABERY - O
Atoms Model Rendering Selection
Style & Label Cal  r(A) Lbl
o o © 106
si @ 1458 =

fig. 6.21: Import the atomic structure refinement module interface for the Si16032 crystal struc-

ture (show equivalent atoms).

The Si16032 crystal structure is displayed in the Device Studio main interface and the atomic
structure refinement module interface with equivalent atoms not shown and equivalent atoms

shown, respectively, as shown in fig. 6.22 and fig. 6.23.

fig. 6.22: The Si16032 crystal structure does fig. 6.23: The Si16032 crystal structure shows

not show equivalent atoms equivalent atoms
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2. Method 2: If the structure is not displayed in the Device Studio main interface, as shown
in fig. 6.24, you can enter the atomic structure refinement module as shown in fig. 6.25.
As shown in fig. 6.26 and fig. 6.27, you can import the Si16032 crystal structure into the
atomic structure refinement module. The atomic structure refinement module interface

after importing the Si16032 crystal structure is shown in fig. 6.21.

2 Device Studio B a
Fle Edit View Build Simulator Window Help [1 X Click here

BRIR-RAarkea s O

Project 8 X

B3 DeviceStudio20228-20221129

& Ag203.hzw
(& Device_nSi-HfO2-ALhzw
(& Vitamin Ehzw

X %% 4" A E L E o -E- BB

8 X/ Job Manager 8 x

Symstry Systes B sftp log in successfully shell log in successfully [@@@l

Properties Value — - - =
Description Script Commit Status Status Actions Process

fig. 6.24: Device Studio main interface without structure displayed
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% Structure Refinement Module - [m] x

File Edit

PO RABERY - O

fig. 6.25: The atomic structure refinement module interface is not displayed.

= Structure Refinement Module
7ie] P N o
mEHlO R AL 0D

Save
i Save As
Export Data
&, Export Image
% Setting

Exit

fig. 6.26: The Atomic Structure Refinement Module pops up; import structure operation interface.
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fig. 6.27: Select the Si16032 crystal structure file to import into the atomic structure refinement

module interface.

6.3 Modify the background color of the atomic struc-
ture refinement module

Modifying the background color of the Atomic Structure Refinement module requires a loaded
structure. For example, if you have already loaded the Si16032 crystal structure as shown in fig.
6.21, refer to Importing a structure into the Atomic Structure Refinement module for instructions

on importing a structure. Detailed instructions for importing are omitted here.

To illustrate, this section details how to modify the background color of the Si16032 crystal
structure display within the Atomic Structure Refinement module, specifically changing the back-
ground color of the SRM structure display area, using the Si1l6032 crystal structure as an ex-
ample.
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1. As shown in fig. 6.28, the interface for modifying the background color of the displayed

Si16032 crystal structure from pure black to pure white is shown.
1+

PEREBY /- O

0
Atoms Rendering Selection
Structure models
(@ Ball and stick
QO Polyhedral
Transparenky
B , Axes Cell OABC
Backgroun
Colour: e [ Use Gradient
% Select Color %
Basic colors
HEEENEENNC
NN N
I ]
NN
HENENNTOE

EEEEECOC O

Pick Screen Color

a C
Y

A 5 Background change from black to white
L—» 4 \ s

fig. 6.28: The operation interface for changing the background color of the displayed Si16032
crystal structure from pure black to pure white.

2. Asshowninfig. 6.29, this is the interface for changing the background color of the displayed
Si16032 crystal structure from pure white to a gradient effect.
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Structure models
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fig. 6.29: The interface displays the modification of the background color of the Si16032 crystal

structure from pure white to a gradient effect.

3. Based on fig. 6.29, click the dropdown button in area @ of fig. 6.29 to select the gradient
type for the background color.

O note

The background color of the atomic structure refinement module is primarily modified through

SRM - Parameter Adjustment Area - Model Area. Users can read this section for details.

6.4 Modifying the color of atoms in the structure

To modify the color of atoms in the structure, you need to import the structure first. For ex-
ample, if you have already imported the Si16032 crystal structure into the Atomic Structure
Refinement module as shown in fig. 6.21, you can refer to the section Importing structures into
the Atomic Structure Refinement module for details on importing structures. The specific steps

will not be detailed here.

Taking the Si16032 crystal structure as an example, this section details how to modify the color

of atoms within the Si16032 crystal structure in the Atomic Structure Refinement module.
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6.4.1 Modifying the Color of the Same Element within a Structure

As shown in fig. 6.30, this interface allows modification of the color of the Si element (i.e., all Si

atoms) in the Si16032 crystal structure to blue (RGB value: [85 170 2557).

1]

PERARRY &-LOE o
Model | Rendeng  Selecion

Style & Label Col A} Lol
2@ @ = -
Si p 146

E% Select Color s

Bssic colors

fig. 6.30: The interface for modifying the color of the Si element in the Si16032 crystal structure
to blue (RGB value [85 170 255])

6.4.2 Change the color of an atom in the structure

There are two ways to change the color of atom Si11 in the Si16032 crystal structure to RGB
value [170 170 25517, based on fig. 6.30.

1. Method 1: Without selecting the si11 atom, as shown in fig. 6.31, the interface for modi-
fying the color of the si11 atom in the Si16032 crystal structure to RGB value [170 170
255] i1s displayed;
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fig. 6.31: Unselected atoms: Modify the color of the Si11 atom in the Si16032 crystal structure
to RGB value [170 170 255] in the operation interface.

2. Method 2: Click on the si11 atom with the mouse, as shown in fig. 6.32, to modify the
color of the si11 atom in the Si16032 crystal structure to RGB value [170 170 255].
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"‘
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fig. 6.32: Select Atom: Modify the color of atom Si11 in the Si16032 crystal structure to RGB

value [170 170 255] in the operation interface.

6.4.3 Change the color of all elements in the structure

The initial Device Studio templates, Device Studio template 1 and Device Studio template 2, are

shown in fig. 6.18 and fig. 6.19, respectively.

The Si16032 crystal structure contains two elements, Si and O. Figure fig. 6.33 shows the interface
for modifying the color of all elements in the Si16032 crystal structure (essentially switching to

the colors of Device Studio template 2) based on fig. 6.32. The modified interface is shown in fig.
6.34.
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fig. 6.33: User interface for modifying the color of all elements in the Si16032 crystal structure.
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fig. 6.34: The interface after modifying the color of all elements in the Si16032 crystal structure.
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O note

Modify the color of all elements in the structure by right-clicking in the blank area of SRM
- Parameter Adjustment Area - Atoms Area — Color — Device Studio template 1 or Device
Studio template 2. This only applies the color parameters from the template to the structure;

radius parameters are not applied.

6.5 Modify the radius of atoms in the structure

Modify the atomic radii in the structure. This modification requires that the structure be imported.

Based on fig. 6.34, this section details how to modify the atomic radii in the Si16032 crystal

structure as an example within the atomic structure refinement module.

6.5.1 Modify the radius of the same element in the structure

As shown in fig. 6.35, this is the interface for modifying the radius of the Si element (i.e., all Si

atoms) in the Si16032 crystal structure from 1.46 to 0.80.
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fig. 6.35: The interface for modifying the radius of the Si element in the S116032 crystal structure
from 1.461t00.80

6.5.2 Modify the radius of an atom in the structure

Based on fig. 6.35, there are two ways to modify the radius of the si16 atom in the Si16032

crystal structure from 0.80 to 1. 60.

1. Method 1: Without selecting the si16 atom, as shown in fig. 6.36, the interface for modi-
fying the radius of the si16 atom in the Si16032 crystal structure from 0.80 to 1.60 is
displayed;
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fig. 6.36: Unselected Atoms: Interface for modifying the radius of the Si16 atom in the Si16032
crystal structure from 0.80 to 1. 60.

2. Method 2: Click on the si16 atom with the mouse, as shown in fig. 6.37, to modify the
radius of the si16 atom in the S116032 crystal structure from 0.80 to 1. 60.
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E= Structure Refinement Module-[Si16032] - [m] X

File Edit

PERABRBY &L O

Atoms Model Rendering Selection
Atom properties

Element symbol

Label Si16

Color

Radius

Click and fill in 1.60

Click at blank
area of structure
display region

fig. 6.37: Select Atoms: Interface for modifying the radius of the Sil16 atom in the Si16032 crystal
structure from 0.80 to 1.60.

6.5.3 Modify the radius of all elements in the structure

The initial Device Studio templates, Device Studio template 1 and Device Studio template 2, are

shown in fig. 6.18 and fig. 6.19, respectively.

The Si116032 crystal structure contains two elements, Si and O. The interface for modifying the
radii of all elements in the Si16032 crystal structure based on fig. 6.37 (effectively switching to
the radii of Device Studio template 2) is shown in fig. 6.38. The interface after modification is

shown in fig. 6.39.
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E% Structure Refinement Module-[Si16032]

File Edit

Atoms Model Rendering Selection
Style & Label Col  r(A) Lbl

00 @ 106 >

=6 si @ os0
o Right-click at blank area under
Atoms tag
\o|or 4

> Device Studio template 1
== |Device Studio template 2

3

fig. 6.38: User interface for modifying the radii of all elements in the Si16032 crystal structure.

PERBESP A O
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Style & Label Col  rA) Lbl
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fig. 6.39: Interface after modifying the atomic radii of all elements in the Si16032 crystal structure
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O note

Modify the radius of all elements in the structure by right-clicking in the blank area of SRM
- Parameter Adjustment Area - Atoms Area — Radius — Device Studio template 1 or Device
Studio template 2. This only applies the radius parameter from the template to the structure;

color parameters are not applied.

6.6 Ball-and-stick/polyhedral model of the structure

The structure imported by default from the atomic structure refinement module is displayed in
ball-and-stick mode, as shown in fig. 6.40 for the Si16032 crystal structure displayed in ball-

and-stick mode.

I= Structure Refinement Module-[Si16032] - [m] X

File Edit
PERABRY -k O 0
Atoms Rendeing  Selection

Structuif models

Si,405, crystal structure show in [©esmias]@
ball-and-stick mode

O Polyhedral

Axes Cell OABC
Background

coour: @) [ Use Gradient

Picture: Choose

fig. 6.40: S116032 crystal structure shown in ball-and-stick model

O note

To hide bonds in the atomic structure, for example, in the Si16032 crystal structure, select the

Si16032 crystal structure with your mouse and press the Delete key.
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As shown in fig. 6.41, this is the interface for switching the Si16032 crystal structure from ball-
and-stick model to polyhedral model.

[ ]

PERABEBH AL O Py

Si,405, crystal structure show in
polyhedral mode

®

Transparency < |

Axes Cell OABC
Background

Colour: . [ Use Gradient

Picture: Choose

fig. 6.41: S116032 crystal structure displayed in polyhedral mode

To adjust the polyhedron transparency, please refer to the SRM - Parameter Adjustment Area -

Model Area section, which details how to do so.

6.7 Adjusting Lighting Parameters of Structures

The atomic structure refinement module supports adjusting lighting parameters for the structure;
detailed instructions are omitted here, and users may refer to section SRM - Parameter Adjustment

Area - Rendering Area.

Supports individual lighting adjustment for atoms and bonds within the atomic struc-

ture;

Supports global illumination adjustment for the entire atomic structure.

+ Supports illuminating the atomic structure with multiple light beams, up to four.

« Supports adjusting the position of the light beams on the atom.

« Supports adjusting the beam intensity;
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— = Supports adjusting the ambient light parameters.
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SEVEN

KEY FEATURES

7.1 Supercell Identification of Primitive Cell

Device Studio features a supercell-to-primitive-cell recognition function, which is very easy
to operate. For example, as shown in fig. 7.1 (3D view of the graphene supercell structure in
the XY plane), importing a graphene supercell structure in Device Studio, and clicking Build —
StandardizeCell will recognize the graphene supercell structure as a primitive cell structure, as

shown in fig. 7.2.

I3 Device Studio - [graphene_Supercell.hzv] [=]® s
I= fle Edit View Buld Simulator Window Help

0- 8 ()4 @ 4 @&-88
Project A x
) NaClhzw
EZ NaCl(111).hzw
o Cuhzw
& Cu_Redehzw
[ Cu_Rede_Redehzw
2 Auhzw
) Au_Redehzw
[ Au_Rede_Rede.hzw
& Au_SuperCell.hzw
) Au_SuperCell_Lhzw
[ Alkanethiol hzw

) Device_Au_SuperCell_L.hzw

MNP @-E-H- B33 ekt

Properties
Symnetry System

Properties

Job Manager Log in local successfully B==

fig. 7.1: Import the graphene supercell structure into the Device Studio interface
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I% Device Studio - [graphene_Supercell_StandardizeCell.hzw] (o] & [
[Z Hl= Edit View Build Simulator Wi

0-&
Eroject

EZ NaCl(111).hzw

o Cuhzw

& Cu_Redehzw

[ Cu_Rede_Redehzw

2 Auhzw

o Au_Rede.hzw

[ Au_Rede_Rede.hzw
ell

b B 2 gy

8- S G

_SuperCell_Lhzw
_SuperCell_1_Bufferlhzw

[ Si8.hzw

& graphene_Supercellhzw
@ graphene_Supercell StandardizeCell.hzv] —t

Properties a8 x

Symnetry System

Properties Value

Tob Manager log in local suceessfully \@\ \E\

fig. 7.2: Graphene unit cell structure

7.2 Flexible Device Structure Modeling

Device Studio allows for the construction of flexible device structures. Taking the gold-
alkanethiol-gold (Au-Alkanethiol-Au) flexible device structure as an example, first import the
Au-Alkanethiol-Au molecular device structure into Device Studio as shown in fig. 7.3. In the fig.
7.3 interface, click Build — Bending of Device. The Bent interface for constructing the flexible
device structure will pop up. In the Bent interface, select Both Side and set the relevant parame-
ters as shown in fig. 7.4. Click Preview to preview the constructed flexible device structure, and
click Build to complete the construction of the Au-Alkanethiol-Au flexible device structure. The
structure file Au-Alkanethiol-Au_bent.hzw will be mounted in the Device Studio Project
Explorer area. The Device Studio interface after constructing the Au-Alkanethiol-Au flexible

device structure is shown in fig. 7.5.
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E= Device Studio - [Au-Alkanethiol-Auhzw] (=] & [tz
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fig. 7.3: Device Studio interface after importing the Gold-Alkanethiol-Gold (Au-Alkanethiol-Au)

molecular device structure
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fig. 7.4: Constructing the Bent Interface of a Flexible Device Structure

7.2. Flexible Device Structure Modeling 141



Device Studio Manual

E2 Device Studio - [Au-Alkanethiol-Au_bent hze] (=] & [tz
[Z Fle Edit View Buld Simulator Window Help
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I Auhzw
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[ graphene_Supercell_Standardize...
& MoS2hzw
Mas2

[ Au-Alkansthiol-Au_benthzw | ———p
« )

Properties =3 o o
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fig. 7.5: Device Studio interface for setting up a flexible device structure of Gold-Alkanethiol-
Gold (Au-Alkanethiol-Au)

7.3 ldentifying the Space Group Information of Crystal
Structures

Device Studio can identify the space group and symmetry information of crystal structures. For
example, in the Device Studio graphical user interface shown in fig. 7.6, for the GaSe crystal
structure, clicking on Clicking Build — Symmetry will open the Symmetry interface as shown
in fig. 7.7. The space group information for the GaSe crystal structure can be found in fig. 7.7
(a), and clicking Clicking the Operators button in the Symmetry interface displays the symmetry

information of the GaSe crystal structure, as shown in fig. 7.8.
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fig. 7.6: Device Studio interface displaying the GaSe crystal structure
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fig. 7.7: Space group information of the GaSe fig. 7.8: Symmetry information of the GaSe

crystal structure crystal structure
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7.4 Splitting Molecular Structures

Device Studio features a molecular structure decomposition function, which splits a crystal struc-
ture into individual molecular structures. For example, in the Device Studio graphical interface
shown in fig. 7.9, for the CSH17AIN20O8P2 crystal structure, Clicking Build — Decomposition in
the interface will decompose the C5H17AIN208P2 crystal structure into 6 molecular structures,
as shown in fig. 7.10, fig. 7.11, and fig. 7.12. as shown in fig. 7.13, fig. 7.14, and fig. 7.15.
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fig. 7.9: Device Studio interface displaying the crystal structure of CSH17AIN208P2
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I= C5H17AIN208P2_molehzw [= C5H17AIN208P2_molel.hzw = |[EB)=

fig. 7.10: CSH17AIN208P2_mole fig. 7.11: C5H17AIN208P2_molel

I3 CSHITAIN208P2_mole2.hzw = |[=][= % C5HI7AIN208P2_mole3.haw o (&)=

fig. 7.12: C5H17AIN208P2_mole2 fig. 7.13: CSH17AIN20O8P2_mole3

I3 CSH17AIN208P2_moleS.hzw =R E=R |

E= C5H17AIN208P2_moled.hzw = ]| &=

fig. 7.14: C5H17AIN208P2_mole4 fig. 7.15: C5H17AIN208P2_mole5

7.5 Task Monitoring and Management

Device Studio’s Calculation Task Monitoring Management Area (Job Manager), as shown in fig.
7.16, integrates PuTTY and WinSCP modules, supporting the free configuration of server pa-
rameters, directories, and scripts. Commands are supported, along with automatic task status

refresh and disconnection alerts. For information on configuring server connections in the Job
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Manager’s task monitoring and management area, please refer to the section Nanodcal 3442} 55

=A=]

-

Jo tamager a6 o o v nay ERTE R ey
Description Script Commit Status Status Actions
Finishes (2]

fig. 7.16: Device Studio’s Calculation Task Monitoring Management Area (Job Manager)

If the job calculation is complete, click the Download button under Action in the Job Manager to
open the download interface for the calculation results, as shown in fig. 7.17, then click Download
on the interface. The results can then be downloaded and viewed in the Project Explorer area of
the software. Alternatively, users can connect to the server already connected to Device Studio
by clicking the Open PuTTY and Open WinSCP icons in fig. 7.16, as shown in fig. 7.18 and fig.
7.19, respectively.
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fig. 7.17: Device Studio’s Calculation Task Monitoring Management Area (Job Manager) interface

for downloading computation results
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fig. 7.18: *PuTTY Server Connection Interface
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fig. 7.19: *WinSCP Server Connection Interface
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CHAPTER

EIGHT

COMMON FUNCTIONS

8.1 Modify Device Studio Main Interface Background
Color

Modify the background color of the atomic structure display in the Device Studio main
interface, i.e., modify the Structure 3D Display Area (3D Viewer) background color in Device
Studio. There are two ways to modify it, using the Sil6032 crystal structure as an example for

detailed explanation.

1. Method One: When a structure (e.g., Si16032 crystal structure) is already displayed in
the Device Studio main interface, as shown in fig. 8.1, this is the operation interface for
changing the background color of the Si16032 crystal structure display from pure black

to pure white.
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fig. 8.1: Operation Interface for Changing the Background Color of Si16032 Crystal Structure
Display from Pure Black to Pure White

O Note

Method One can only be used when a structure is already displayed in the Device Studio main

interface.

2. Method Two: When no structure is displayed in the Device Studio main interface, as shown
in fig. 8.2, fig. 8.3, and fig. 8.4, these are the operation steps for changing the background
color of the Si16032 crystal structure display from pure black to pure white.
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fig. 8.2: Step One: Change the Background Color of Structure Display in Device Studio Main
Interface from Pure Black to Pure White
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fig. 8.3: Step Two: Change the Background Color of Structure Display in Device Studio Main

Interface from Pure Black to Pure White
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fig. 8.4: Step Three: Change the Background Color of Structure Display in Device Studio Main
Interface from Pure Black to Pure White

© Important Note

This section mainly describes how to modify the background color of atomic structure
display in the Device Studio main interface, i.c., modify the Structure 3D Display Area (3D
Viewer) background color in Device Studio. This does not affect the background color of the
Atomic Structure Refinement Module. If you want to modify the background color of the

atomic structure refinement module, please refer to the Modify Atomic Structure Refinement

Module Background Color section.

8.2 Device Studio Citation Instructions

When using any module of Device Studio for Atomic-level Material Modeling (Million-scale),
High-performance Scientific Simulation Computing, Computation Task Monitoring and
Management, or Data Visualization, please cite Device Studio in your article using the following

citation template:

Device Studio[ 1] program provides a number of functions for performing visualization, modeling

and simulation. And XXX simulation using XXX software integrated in Device Studio program.
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Reference :

[1] Hongzhiwei Technology, Device Studio, Version 2023A, China, 2023. Available
online:https://cloud.hzwtech.com/web/product-service?id=6 (accessed on XXX, XXX).
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CHAPTER

NINE

SCIENTIFIC COMPUTING SOFTWARE APPLICATION
EXAMPLES

9.1 BDF Example

BDF (Beijing Density Functional) is an independent and complete quantum chemistry calcu-
lation software package with complete independent intellectual property rights. It is also the
first program based on modern density functional theory that can accurately calculate the
total ground state energy of molecular systems with complete relativistic density functional
(early similar programs could not accurately calculate total energy due to poor numerical integra-

tion accuracy).

BDF Official User Manual Website: https://bdf-manual.readthedocs.io/zh_CN/latest/index.
html

BDF Development Team Information:

+ International Quantum Molecular Science Academy Academician Wenjian Liu’ s

Research Team.

* Hongzhiwei Development Team, Service Team.
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. .. s Ground state-excited state and excited state-excited state
High-precision relativistic methods - P : : N ot
@ non adiabatic coupling matrix element calculation
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Spin-adapted open-shell time-

Arbitra intg S t A R
rortrary point group symmetry dependent density functional theory

Bottom-up self-consistent Ground state and excited state
field methods spin-orbit coupling calculation
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sub-linear scaling chemical shift

Sub-linear scaling time-dependent calculation methods

density functional theory

fig. 9.1: BDF Software Features Diagram

BDF Software Features:
1. High-precision relativistic methods.
2. Arbitrary point group symmetry.
3. Bottom-up self-consistent field methods.
4. Efficient orbital localization.
5. Sub-linear scaling time-dependent density functional methods.
6. Sub-linear scaling chemical shift calculation methods.
7. Spin-matched open-shell time-dependent density functional methods.
8. Ground state and excited state spin-orbit coupling calculations.

9. Ground state-excited state and excited state-excited state non-adiabatic coupling matrix el-

ements.
10. Chemical structure and reaction path optimization.

Taking ground state molecule CH2S sf-X2C/TDDFT-SOC spin-orbit coupling calculation

as an example to describe BDF application in Device Studio in detail.
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9.1.1 BDF Development History

BDF development began in 1993 and was officially named in 1997. The initial idea was to per-
form high-precision calculations on small molecular systems such as rare earths, actinides,
transition metals, and superheavy elements, examining relativistic effects in these systems,
therefore initially adopting complete relativistic density functional theory (4C-DFT) based on
Dirac operators and nearly complete basis functions “numerical basis + STO”(Slater-type orbital).
Because of this, BDF’s calculation results for rare earths, actinides, and superheavy elements have
been used as benchmarks for testing other approximate relativistic methods. BDF’s calculation
results for electronic and molecular structures of heavy element systems have been verified by

more than 20 subsequent experiments.

In 2009, analytical integration based on Gaussian basis was introduced, and BDF entered a

new development stage.

Needless to say, BDF was initially positioned as a platform for developing new theories, new meth-
ods, and new algorithms, therefore it is a “research software”. Theories and methods developed
based on BDF include: relativistic time-dependent density functional theory (4C/ZORA/X2C-
TDDFT), exact two-component (X2C) relativistic theory, quasi-four-component (Q4C) relativis-
tic theory, spin-separated X2C relativistic theory (sf-X2C+so-DKHn), many-body effective quan-
tum electrodynamics (eQED), relativistic nuclear magnetic theory (4C/X2C-NMR), relativistic
nuclear spin-rotation theory (4C-NSR), relativistic band theory (X2C-PBC), X2C analytical gra-
dients and Hessian; excited state HF/KS methods (mom); orbital localization scheme (FLMO)
based on the idea of “synthesizing molecules from molecular fragments”(F2M), sub-linear scal-
ing time-dependent density functional theory (FLMO-TDDFT), sub-linear scaling NMR meth-
ods (FLMO-NMR), iterative orbital interaction “bottom-up”self-consistent field methods (iOI);
spin-matched open-shell time-dependent density functional theory (SA-TDDFT), spin-flip time-
dependent density functional theory (SF-TDDFT), ground state/excited state-excited state non-
adiabatic coupling time-dependent density functional theory (NAC-TDDFT), time-dependent
density functional theory analytical energy gradients, arbitrary single-value/double-value point

group symmetrization, etc.

Besides the above relativistic/non-relativistic density functional and time-dependent density func-
tional theory, BDF also has wave function electron correlation methods based on the idea of
“static then dynamic then static”(SDS), including SDSPT2SDSCI, iCI, iCIPT2, iCAS, iCISCF,
SOC-iClI, iCI-SOC, and the 1VI method for directly solving large matrix internal eigenstates, etc.

Given BDF’s current status, the first commercial version will focus on fluores-
cence/phosphorescence material luminescence mechanism and material design as the main

application targets, therefore it does not include 4C/X2C relativity, wave function electron
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correlation, solid band/nuclear magnetic methods, etc. That is, the first commercialized BDF
will mainly focus on DFT and TDDFT, including ground state and excited state KS, QM/MM,
FLMO-TDDFT, SF-TDDFT, NAC-TDDFT, sf-X2C-SA-TDDFT/SOC, SA-TDDFT analytical
energy gradients and numerical Hessian, stable structure and transition state optimization,
reaction path optimization, implicit solvation models, FLMO-NMR, based on localized orbitals

(FLMO) property calculations and analysis, and other special features.

9.1.2 BDF Calculation Process

The BDF calculation process in Device Studio is shown in fig. 9.2.

Create project

Import structure

Set BDF input parameters

| .I'I.I.I

fig. 9.2: BDF Calculation Process

9.1.3 Creating a BDF Project

Double-click the Device Studio icon shortcut, log in and launch Device Studio. In the create or
open project interface (Graphical interface for selecting to create or open a project after starting the
software), according to the interface prompts, select to create a new project ( Create a new Project
) or open an existing project ( Open an existing Project ) button, then click the OK button in the
interface. If you choose to create a new project, users can name the project as needed, such as

naming this project BDF, or use the software’s default project name.
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9.1.4 Importing BDF Structure

In the Device Studio graphical interface, click File — Import — Import Local, which will pop
up the interface for importing BDF structure files. According to the interface prompts, find the
location of the CH2S . hzw structure file, select the CH2S . hzw structure file, click the Open button,
and the Device Studio interface after importing the CH2S . hzw structure is shown in fig. 9.3. Other
methods for importing structures in Device Studio are not explained in detail here, users can refer

to the Import Structure section content.

I3 Device Studio - [CH25.hzw] — O *
[ Fle Edit View Build Simulstor Window Help

0- 8 Gl Q4 &-8883 4 H d St ot CE-O e EEi G R S| @
Project
I BOF

0@ CH2Shew |

Properties Value

fig. 9.3: Device Studio graphical interface after importing the CH2S . hzw structure

9.1.5 Generating BDF Input Files

In the interface shown in fig. 9.3, select Simulator — BDF — BDF, which will pop up the BDF

parameter settings interface BDF Job Setup as shown in fig. 9.4.

Taking the generation of input files for ground state molecule CH2S sf-X2C/TDDFT-SOC
spin-orbit coupling calculation as an example, in the BDF Job Setup interface shown in fig. 9.3,
according to calculation needs, select Basic Settings, SCF Settings, TDDFT Settings and Preview
Script respectively, set parameters as shown in fig. 9.4, fig. 9.5, fig. 9.6 and fig. 9.7 respectively,

then click the Generate files button in the interface to generate the input file bdf . inp.
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I= BDF Job Setup ? w
Basic Settings SCF Settinss TDDFT Settings Preview Script
Job Title: |cxzs |
Input Filename: |l’..‘}l25 |
Calculstion Type: IT‘DDFT—EGC vI I:‘ Localize melecular orbital
Hamiltonian: sf-X2C -
Methed: Echn—Sham ¥ | |Restricted - Use i10I-SCF Use FLMO—SCF
Functional: IPBEI} - I Use Dispersicn Correcticn
Basis: All Electron hd I cc-pVDZ-DE| VI
Charse: |3 = |
Multipli [2 2
Sclvent Model: Kone
Foint Croup D Ignore Syvmmetry |[C(2+) -

Use Default Values| | Freference Generate files Cancel

fig. 9.4: Basic Settings parameter settings interface

I= BDF Job Setup ? x
Basic Settings 3CF Settings TDDFT Settings Preview Script
SCF Control Others
Initial Guess: Atom - Frint Molecular Orbital: Frontier Orbitals -
Meximum Iteraticns: 100 = | I:‘ Save Atomic Orbatals
Convergence Threshhold: Default hd Qutput SCF Orbitals
I:‘ Qutput 8CF Orbitels in Pyscf formet
DFT Integral @érid Default - o B
Qutput 8CF Orbitmls in Mclden format
Level Shift: 000 2
Damping: |3. o0

4k

4k

Fermi Smesring Tempersture: |3 E

Use MFEC+00SK Accelerstion

I:‘ Disable DIIS Acceleration

Use Default Values| | Preference Generate files Cancel

fig. 9.5: SCF Settings parameter settings interface
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I= BDF Job Setup ? x
Basic Settings SCF Settings TDDFT Settings Freview Script
TDDFT Spin—0Orkit Coupling
Method: TDDET - [] Including éround State
W/| Print 8pin-orbit Matris
Multiplicity: Singlet & Triplet - Fint Spinmorbit Matrix
Frint Transition Dipole Between Scalar States
Kumber of Excited States: |E :| } L o }
Print Transition Dipole Between Spinor States
Target State: |'_ = |
Convergence Thresheld: Default -
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[J vse ivI methed
Use MPEC+C0SX Acceleration
I:‘ Perform NTO Anslyze
[ caleulate Dipole Moments of Target State
Freference Generate files Cancel
fig. 9.6: TDDFT Settings parameter settings interface
F= BDF Job Setup ? *
Basic Settings SCF Settings TDDFT Settings Freview 3cript
Scompass ~
Title
CHZ3
Gecmetry
c 0. 00000000 0. 00000000 -1. 03883859
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RES
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fig. 9.7: Preview Script parameter settings interface
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The Device Studio interface for generating the input file bdf . inp for ground state molecule
CH2S sf-X2C/TDDFT-SOC spin-orbit coupling calculation is shown in fig. 9.8.

= Device Studio - O X

File Edit View Build Simulator Window Help

BB[D-Bactsad d-

% BOF
~ [El CH2S.hzw
~ [l cH2s
v [J! BDF-CH2S

BEIPLHSL LA AnE-E- B I N rRD % @

Symmetry System

Properties Value

Job Manager & x

los in lecal successfully h-’s ﬁ[ %
s

Description Script Status Action:

fig. 9.8: Device Studio interface for generating input files for ground state molecule CH2S sf-
X2C/TDDFT-SOC spin-orbit coupling calculation

9.1.6 BDF Calculation

Before performing the ground state molecule CH2S sf-X2C/TDDFT-SOC spin-orbit cou-
pling calculation, you need to connect to a server with BDF installed. The specific connection
process is not explained in detail here, users can refer to the Nanodcal Connect to Server section
content. After connecting to the server with BDF installed, before performing the calculation,
users can open the input file and check if the parameter settings in the file are reasonable accord-
ing to their needs. If not reasonable, they can choose to edit directly in the file or regenerate,
and finally perform the BDF calculation (here BDF calculation refers to ground state molecule
CH2S sf-X2C/TDDFT-SOC spin-orbit coupling calculation). For example, to open the bdf .
inp file, in the Device Studio’s Project Explorer area, select bdf . inp — right-click — Open with

to view the bdf . inp file as shown below.

Scompass
Title

CH2S
(continues on next page)
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Geometry

C 0.00000000 0.00000000 -1.03983899
S 0.00000000 0.00000000 0.59328400
H 0.00000000 0.93261200 -1.62675900
H 0.00000000 -0.93261200 -1.62675900

End Geometry
Basis
cc-pVDZ-DK
Skeleton
Group
C(2v)
Send

Sxuanyuan
Heff

21
Hsoc

2
Direct

Send

Sscf
RKS
Charge
0
SpinMulti
1
DEF'T
PBEO
D3
MPEC+COSX
Molden

Send

Stddft

(continued from previous page)

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

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

O note

During actual calculations, users can refer to the BDF User Manual to understand the detailed
meaning of each parameter and set them appropriately according to calculation needs. To learn
more about BDF, click on the corresponding purple or blue software name, or send an email

to support@hzwtech.com for consultation.

In the interface shown in fig. 9.3, in the Device Studio’s Project Explorer area, select bdf . inp
— right-click — Run, which will pop up the Run interface. In the Run interface, click the Run
button to perform the BDF calculation. Users can observe the BDF calculation status in the Job
Manager area. When the BDF calculation task is in the queue, in progress, or completed, Status
is Queued, Running, Finished respectively. After the calculation is completed, click the Actions
button in the Job Manager area, which will pop up the Qsftp Explorer interface. In this interface,
find the calculation result file, click the Download button to download the calculation result file
from the server to the local, and the downloaded result file can be viewed in the Device Studio’s

Project Explorer area.

9.1.7 BDF results visualization

Currently, there is no visualization analysis function for BDF calculation results in Device Studio.
Users can analyze them themselves. The specific analysis process can refer to the BDF user
manual. The visualization analysis function of BDF will be integrated into the Device Studio

in subsequent version updates.

9.2 DS-PAW Example

DS-PAW is a first-principles plane wave calculation software under the Device Studio platform,
using plane waves as basis functions, and the pseudopotential is constructed using the Projector
Augmented Wave method. DS-PAW is powerful and can be applied to different scenarios, such
as metals, semiconductors, insulators, surfaces, magnetic, non-magnetic, lithium batteries, etc.; it

can accurately predict material electron distribution; it can perform atomic geometric structure

9.2. DS-PAW Example 165



https://cloud.hzwtech.com/web/product-service?id=13
https://cloud.hzwtech.com/web/product-service?id=13
mailto:support@hzwtech.com
https://cloud.hzwtech.com/web/product-service?id=13
https://cloud.hzwtech.com/web/product-service?id=13
https://cloud.hzwtech.com/web/product-service?id=13
http://hzwtech.com/Device%20Studio/DS-PAW/build/html/index.html
http://hzwtech.com/Device%20Studio/DS-PAW/build/html/index.html

Device Studio Manual

optimization; it can be widely applied in materials science. DS-PAW has stable performance, hav-
ing undergone millions of internal test cases on Intel chips and domestic Haiguang chips, including

various functions and parallel efficiency.

As shown in fig. 9.9, DS-PAW 2021B version has implemented 28 calculation functions including
structure relaxation, electronic structure, mechanical properties, magnetic calculations,
transition states, hybrid functionals, van der Waals corrections, optical properties, spin-
orbit coupling, phonon calculations, strongly correlated calculations, first-principles molec-

ular dynamics, and more functions are still being added.

Taking Si crystal structure hybrid functional band calculation as an example to describe DS-

PAW application in Device Studio in detail.

. DOS
. elf
Electronic Y g;gaerrge
Structures "
« Band unfolding
Structure
Evolution G
« Collinear « quasi-Newton
« Noncollinear + NEB
+ SOC Magnetic « AIMD
Properties
Linear
Response
« Phonon

« Elastic properties

« Dielectric properties
« Born effective charge
« Piezoelectric tensor J—

,  Advanced « Frequency dependent
Applied electric field \ topics ] dielectric function
« Solvation model
« Fixed electrode potential

fig. 9.9: DS-PAW Software Function Diagram

9.2.1 DS-PAW Calculation Process

The DS-PAW calculation process in Device Studio is shown in fig. 9.10.
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Create project

Import structure

Set DS-PAW input
parameters

Generate DS-PAW input
file

fig. 9.10: DS-PAW Calculation Process

9.2.2 DS-PAW Project Creation

Double-click the Device Studio icon shortcut, log in and start Device Studio. In the create or
open project interface (Graphical interface for selecting to create or open a project after starting
the software), according to the interface prompts, select the button to create a new project (Create
a new Project) or open an existing project (Open an existing Project), then click the OK button in
the interface. If choosing to create a new project, users can name the project according to their

needs, such as naming this project DS—PAW, or use the software’s default project name.

9.2.3 DS-PAW Structure Import

In the Device Studio graphical interface, click File — Import — Import Local, which will open
the interface for importing DS-PAW structure files. According to the interface prompts, find the
location of the Si . hzw structure file, select the si . hzw structure file, click the Open button, then
the Device Studio interface after importing the Si.hzw structure is shown in fig. 9.11. Other
methods for importing structures in Device Studio are not detailed here, users can refer to the

Import Structure section.
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fig. 9.11: Device Studio Graphical Interface After Importing Si . hzw Structure

9.2.4 DS-PAW Input File Generation

In the interface shown in fig. 9.11, select Simulator — DS-PAW — Electronic Structure, which will
open the DS-PAW parameter settings interface Electronic structure as shown in fig. 9.12. The
Electronic structure interface is mainly divided into four modules: Task, Solver setting, Physical
setting, and Advanced. Users can set parameters by clicking the four modules in sequence accord-
ing to calculation needs, then click Generate files to generate the corresponding calculation input
files.
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E= Electronic structure ? =

Task Sovler setting Fhysical setting Advanced
Froperty Calculation Selected
SCF

DensityOfStates
BandStructure

Potential
ELF
PartialCharge

Generate files Cancel

fig. 9.12: DS-PAW Parameter Settings Interface Electronic structure

Taking the generation of input files for Si crystal structure hybrid functional band calculation
as an example, in the Electronic structure interface shown in fig. 9.12, according to calculation
needs, select Task, Solver setting, Physical setting, and Advanced respectively, set parameters as
shown in fig. 9.13, fig. 9.14, fig. 9.15, and fig. 9.16 respectively, then click Generate files in the

interface to generate the input files scf.in and structure.
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E= Electronic structure ? =
Task Solver setting Fhysical setting Advanced
Froperty Calculation Selected
3CF
SCF SCF 0
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fig. 9.13: Task Parameter Settings Interface
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E= Electronic structure ? =
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fig. 9.14: Solver Setting Parameter Settings Interface
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Spin type Kone 7
Hybrid functional
Set spin
Hybrid type HSEQE -
Functicnal [] on-site Coulomb interaction
Pseudopotenial type |PAW internal -
Alserithm |Rotationally invariant (Liechtenstein)
Exchange-correlation |FBE -
Element-szpecific zettings
Element Pseudopotential version
Si Regular hd
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fig. 9.15: Physical Setting Parameter Settings Interface
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E= Electronic structure ? =
Task Sclver setting Physical setting
[] Backsround charsze [ pipel correction
Some useful function
Add Delete
input. in structure. as
Generate files Cancel

fig. 9.16: Advanced Parameter Settings Interface

The Device Studio interface for generating input files scf.in and structure for Si crystal

structure hybrid functional band calculation is shown in fig. 9.17.
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fig. 9.17: Device Studio Interface for Generating Si crystal structure hybrid functional band

calculation Input Files

9.2.5 DS-PAW Calculation

Before performing the Si crystal structure hybrid functional band calculation, you need to
connect to a local computer or server with DS-PAW installed. The specific connection process is
not explained in detail here, users can refer to the Nanodcal Connect to Server section content.
Taking calculation on a local computer as an example, after connecting to the local computer with
DS-PAW installed, before performing the calculation, users can open the input files and check if
the parameter settings in the files are reasonable according to their needs. If not reasonable, they
can choose to edit directly in the files or regenerate, and finally perform the DS-PAW calculation.
For example, to open the scf . in file, in the Device Studio’s Project Explorer area, select scf.in
— right-click — Open with to view the scf. in file as shown in fig. 9.18. For other input files,
users can choose whether to open and view them according to their needs, which is not explained

in detail here.
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fig. 9.18: scf.in File

In the interface shown in fig. 9.17, in the Device Studio’s Project Explorer area, select scf.in —

right-click — Run, which will pop up the Run interface. In the Run interface, click the Run button

to perform the DS-PAW calculation. Users can observe the DS-PAW calculation status in the Job

Manager area. When the DS-PAW calculation task is in the queue, in progress, or completed,

Status is Queued, Running, Finished respectively. After the calculation is completed, the result

file band. json and log file DS-PAW. 1og can be seen in the Device Studio’s Project Explorer

area.
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9.2.6 DS-PAW Results Visualization

In the Device Studio’s Project Explorer area, select band. json — right-click — Show View,

which will pop up the DS-PAW results visualization interface as shown in fig. 9.19.
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fig. 9.19: DS-PAW Results Visualization Interface

O Note

DS-PAW calculation results are often stored in . json or . h5 format. Currently, Device Studio
supports visualization analysis of DS-PAW result files in . json format smaller than 68MB.

For . json files larger than 68MB, it is recommended that users use the DS-PAW auxiliary

toolkit dspawpy for data analysis.
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CHAPTER

TEN

FREQUENTLY ASKED QUESTIONS AND SOLUTIONS

10.1 How to Find the Device Studio Shortcut?

Place the installation package DeviceStudio***.zip in an English-named directory on your
local computer — Extract — Find the DeviceStudio.exe file in the bin directory — Right-click —

Send to (N) — Desktop shortcut, then you will have a Device Studio shortcut on your desktop.

10.2 How to Cite Device Studio?

Device Studio has an article citation template. Users can refer to the Citation Instructions section.

10.3 How to Change Device Studio Background Color
to White?

There are two ways to modify the Device Studio background color:

1. Modify the background color of the atomic structure display in the Device Studio main
interface, i.e., modify the Structure 3D Display Area (3D Viewer) background color in De-
vice Studio. Please refer to the Modify Device Studio Main Interface Background Color

section.

2. Modify the background color in the atomic structure refinement module of Device Studio,
i.e., modify the SRM Structure Display Area background color. Please refer to the Modify

Atomic Structure Refinement Module Background Color section.
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