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Introduction

Scanning Probe Microscope (SPM) is a powerful experimental equipment, make use of which
hyperfine structure and fine-scale physical properties of natural objects and artificial objects such
as inorganic crystal surfaces, fine structure of a semiconductor, and biological nanostructure of
organic molecules, self-assembled monolayers, protein molecules, DNAs, and so on , can be
measured and functional development of them can be led.

Yet analysis of experimental results needs theoretical support because in the nano-range between
a tip and samples mechanical, electronic and chemical process of atomic-scale are complicatedly

entangled.

This software was developed in order to satisfy such necessity.

Based on SPM simulator technology of current research level, some simulators are prepared and
can be selected in order to reduce calculation scale according to the problem.
In addition GUI (Graphical User Interface) is equipped to be operated easily.

From now on measuring technique of SPM will increase importance not only in the frontiers of
basic research fields such as physical chemistry, life science, electronics ,information engineering
and materials science but also in industrial fields such as semiconductor device, surface treatment
technology, polymer material, bio-science, agriculture, advanced medicine, environmental catalyst,
fuel cell, detergent and cosmetics industry. We are pleased if this software will help you as a

research instrument in these fields.

This book is an operations manual of the SPM simulator of our company, and installation of the
software, operating procedures and attentions are described. There are explanations focusing on
fundamental operation methods in this book so that even the beginners can use the software easily.

For further settings, please refer to another attached document "reference manual".



Composition of SPM simulator

The SPM simulator of our company has roughly five functions.

1. Geometrical Mutual AFM Simulator
2. Finite Element Method AFM simulator
3. Soft Material Liquid AFM Simulator
4. Classical Force Field AFM Simulator

5. Quantum Mechanical SPM Simulator

In addition, the SPM simulator provides an assistant function, the sample structure modeling tool.

The five functions above consist of the following six simulators.

DGE0O @QFEM @QuUQ @cc BMD ® DFTB

The classification, the functional overview and the target area of each simulator are described in

the following tables.

table 1: the functional overview of each simulator

simulat overview
or name
Geometrical Mutual AFM Simulator GEQO | The simulator which in the three kinds of data, tip shape, sample shape and AFM image, predicts

one kind of data from the other two kinds of data with high speed.

(In the calculation, data are mutually predicted by purely geometric calculation under the
assumption that the tip-sample interaction is not counted, and the three-dimensional form of a tip
and samples is not deformed.)

Elastic Body AFM Simulator FEM The simulator which predicts a AFM image under the assumption that van der Waals force
between a tip and samples is counted on the base of classical mechanics, and in addition a tip and
samples are subjected to the elasticity equation.

(Tip shape and sample shape are inputted, and AFM image is predicted and outputted.)

Soft Material Liquid AFM Simulator LIQ | Thesimulator which calculates the movement of a cantilever in a liquid, in consideration of the
drag from fluid and samples and the elastic deformation of the lever itself.

Classical Force Field AFM Simulator The simulator which calculates tip-sample interaction and predicts AFM image by using a force
field based on classical mechanics.

geometry optimizing AFM image CG | The simulator which predicts AFM image in consideration of deformation of samples based on
simulator energy relaxation method.

molecular dynamics AFM image MD MD The simulator which predicts AFM image in consideration of deformation of samples based
simulator on molecular dynamics method.

Quantum Dynamics SPM Simulator DFTB | The simulator which predicts the AFM image/STM image/KPFM image by the method of
calculating the electronic state of a system based on quantum mechanics and calculating tip-
sample interaction.

AFM image simulation The function which predicts AFM image by calculating chemical interaction.
STM image simulation The function which predicts STM image by calculating tunneling current.
KPFM image simulation The function which predicts KPFM image by calculating contact potential difference.




table 2: overview of the assistant functions

overview

remarks

function of predicting sample surface

structure

The function which compare a obtained image and simulated
images, and predicts structure of samples from similar ones.

under development

modeling function

Creating initial structure.

semiconductor thin film modeling

Creating and editing semiconductor thin film models from crystal
structure data.

to be distributed attached to
the trial version

molecular modeling

Creating and editing molecule structure.

using external software

protein modeling

Using a protein data bank.

using external software

table 3: the target area of each simulator

simulator object scale environment samples remarks
name
macro- | micro- [ vacuu | liquid
scale scale m
Geometrical Mutual AFM Simulator GEO nanoscale calculation can be made in one
O - (@] - semiconductor second
devices,
5 . (bio)polymer - -
Elastic Body AFM Simulator FEM _ _ deformation of a tip and samples
o o compounds can be considered
Soft Material Liquid AFM Simulator LIQ polymer,
O - O O biomolecule etc.
Classical geometry optimizing AFM CG _ o o ° organic small deformation of samples can be
Force Field | image simulator molecules, considered
AFM inorganic materials
Simulator molecular dynamics AFM MD etc. deformation of samples can be
image simulator = O @) [ J considered
temperature can be considered
Quantum AFM image simulation DFTB _ _
Dynamics
SPM STM image simulation
Simulator - -
KPFM image simulation
9 ° o | ol -

QO :both trial version and release version cover this region

@ :only release version covers this region

— :neither covers this region




Geometrical Mutual AFM simulator

Geometrical and tip-sample-image
interactive AFM  simulator (GeoAFM)
provides users with a kind of a three-way
data processor. Among three geometrical
elements, a tip, sample material and its
AFM image, this module reconstructs the
one out of the other two. For example, it
can reconstruct the AFM image from
information about shapes of the tip and
the sample material. The GeoAFM

accomplishes the calculation very rapidly,

-

]

and it takes only a few seconds. A characteristic of this module is the fact that the GeoAFM can only

sort out geometrical data and it neglects many physical properties of the tip and the sample

material, Poisson’s ratios, Young’s moduli and the Hamaker constants. This module assumes that

the tip always scans the surface of the material in the so-called contact mode.

Finite Element Method AFM simulator

Finite Element Method AFM EEmmm=m

simulator (FemAFM) carries out
numerical calculations for

obtaining an AFM surface image

Fle Edt Smution Display.

PODEQ lswu o) »

<% > m o fFEN

according to the classical theory of
elasticity and the Lennard-Jones
potential. The FemAFM solves the
differential equation for the theory
of the elasticity with the finite

element method, so that it never

] [Galoviation v,

regenerates quantum effects. This

module assumes that a tip put at the top of a cantilever always scans the surface of the material in

the so-called non-contact mode, and the distance between the tip and the surface of the sample is

equal to around a few angstroms.



Soft Material Liquid AFM Simulator

Soft Material Liquid AFM Simulator corresponds to dynamic AFM in liquid, and can simulate
vibration analysis of cantilever and measuring visco-elastic soft material with SPM. The simulator
calculates movement of the cantilever with coupling
three forces, a drag acted from surrounding fluid, a
contact force from samples and an elastic deformation
of a lever itself. This simulator can calculate (under
development) an AFM image of visco-elastic samples as
a vibration mode, and can guess physical property such

as an elastic modulus of a sample. Moreover resonance

frequency of the cantilever in liquid is determined and

vibration characteristics are found out, so that these are helpful for designing a shape of a

cantilever and considering vibration conditions.

Classical Force Field AFM Simulator

Classical Force Field AFM Simulator is a simulator
which predicts AFM image with the arrangement
that the simulator sets up force field parameters
to each atom of target AFM samples, and
calculates tip-sample interaction based on it. And
this simulator has a feature in the ability to predict

structural change of sample molecules by

interaction from a tip with an atom scale. This
simulator has two types of method to calculate molecule structure. One is a "geometry optimizing
AFM image simulator" which explores stable atomic arrangement of molecule energy, and
determines molecular structure. The other is a "molecular dynamics AFM image simulator" which
predicts changing process of molecular structure by solving Newton's equation of motion about all

atoms. Either can be selected according to the purpose, and simulation can be done.

Quantum Mechanical SPM Simulator

The Quantum Mechanical SPM Simulator, based on quantum mechanical calculation of an
electronic state, can simulate images of a frequency shift, a tunneling current and a local contact
potential difference about microscopic surface structures in vacuum. Also the scanning tunneling

spectroscopy can be analyzed as an application of the tunneling current calculation. This simulation



adopts the tight binding calculation method based on

the density functional theory, so that the simulation
reduces a large calculation cost which is usually
accompanied with quantum calculation. Therefore a
realistic scale sample surfaces to compare with an

experiment and comparatively large systems estimated

by classical molecular dynamics method can be

calculated.

Modeling Tool

Thin film modeling tool, one of the assistant
functions, creates initial structures of a tip and a
sample surface loaded by the SPM simulator. This tool

makes atomic models used on the microscopic

methods such as DFTB, CG and MD. But in some cases,
the created models may also be used on the

macroscopic methods. This tool is good at preparing a

thin film model with an ideal surface. In addition, any

atom or atomic cluster can be added, deleted, transferred and changed.
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Chapter 1

Installation of the software and preparation

1 installation of the software

We have distributed a free trial version of the SPM simulator since June 28, 2011. You can obtain a
free trial version by requesting from the URL below.
URL for requesting a free trial version of the SPM simulator

https://www.aasri.jp/pub/spm/en/about spm 12 eng.html

The application form is as follows.
APPLICATION

If you answer the guestions helow, you can ohtain a SPM sinulator free, and you can inquire questions of practical
calculation free.

Please input requirements below. You MUST input the contents with *.
What written in parenthesis "(7, )" are exanples.

Fnane: | | (Taro Yamada)

saffiliation:]| | (44 Systems Co.,Ltd)
department | | (Information Technolozy Department)
position| | (section chief)

postal code | (150-0013)

saddress| | (1-13-8 Ebisu,Shibuya, Tokyo Metropolice,
Japan]

phone nunber| | (03-3447-5501)

fanai | address|

freinput emai||

syour SPM knowledze: @a professional Oan amateur  Click the applicable part

SPH simulator functions
*Check the simulators you want from 1. to 4. .

1. Geometrical Mutual AFM Sinulator of a tip, samples and an inage
4

1.1 function of Geometrical Mugual AFM Simulator

e the function which predjcts an &FM inage from a tip shape and a sample shape
® the function which predicts a sample shape from a tip shape and an &FM i

e the function which predicts a tip shape from a sample shape and an AFM ingze
e ohiects (collagen molefule, protein molecule)

1.2 function of Elastic Body AFM Simulator

] | Input basic information of you.
Select the simulators you want.

11


https://www.aasri.jp/pub/spm/en/about_spm_12_eng.html

Please keep in wind that there are the following restrictions.
o You will not be able to use SPM sinulator trial edition one vear after the simulatar is offered.
o You MUST install only one sinulator per one terminal, and unapproved duplication is NOT permitted.
o If vou want to use the simulator at two or more terminals, please apply for sinulators similarly.

Interactive SPH simulator free test calculation: QF4

Service is limited to a period. In the period we answer wour questions about inputting data, setting up, starting
and  completing calculation, ewvaluating caleulation result, determining customizing or not  or  custom
specifications. If you have a question or have a trouble about calculation, please ask us from the support form on
the homepage. Our staff will support you by email. If you wish customizing, please tell us the contents of
customization.

If form has been submitted, confirmation email is submitted to input email address.

| Input the above and submit.

After your application is accepted, you will soon receive an e-mail with an account ID, a license key and

download URL.

Download an installer named "SPMinstaller.zip" and save it to your computer.

Eile Edit View Favorites Tools Help ,3;','
@ Back ~ \_) \’ /‘D Search || Folders ~
) Ci¥spm v B o

File and Folder Tasks @

(29 Make a new folder PMInstaler 2
e Publish this folder to the
\Web

& Share this folder

Other Places

Details

SPM
File Folder

Date Modified: 2011512 522
,13:27

1 objects 90.5 MB “J My Computer

12



Unzip SPMinstaller.zip.

File Edit View Favorites Tools Help

eBack - Q hd lj pSearch iEi-Fo]ders v

Address |[2) C:¥sPM

v|Go

File and Folder Tasks A - 'J

®]) Rename this file SPMInstaller
{f) Mave this file

[P} Copy this file

&) Publish this file to the Web

&) E-mail this file

K Delete this file

Other Places

Details

SPMInstaller.zip
Compressed (zipped) Folder

Date Modified: 2011512 H22
B, 13:23

Size: 90.5 MB

Type: Compressed (zipped) Folder Date Modified: 2011/12/22 13:23 Size: 90.5 MB

a My Computer

When unzipped, a folder named SPMiInstaller is created. Open the folder.

& SPMInstaller
Fi

le Edit ‘Yiew Favorites Tools Help

eeack & \) L’: pSearch u:_ Folders v

Address |[2) C:¥SPMESPMInstaller

File and Folder Tasks ) Installer.exe

() Make a new Folder

e Publish this Folder to the msvep?1.dl
Web A | 71030770
& Share this folder Microsoft® C++ Runtime Library

pacparser.dil
Other Places

readme.txt
Text Document
3KB

Details

SPMiInstaller

File Folder

Date Modified: 2011512 B22
B, 13:34

InstallFiles.zip
86,206 KB

MSYCR71.dll
7.10,3052.4
Microsoft® C Runtime Library

92,9 MB *J My Computer




Double-click the Installer.exe to run.

You will see the following screen.

Then the next screen is shown. Click the “Next” button to continue.

B SPM Simulator ver. beta Install Wizard

Welcome to the Install Wizard
for SPM Simulator ver. beta

Install Wizard installs the SPM Simulator on your computer,
Please click the Next button when you continue the installation.

Caution
Please install with administrator rights,

Cancel

14



A software license agreement is shown. Read it and continue installing if you agree.

SPM Simulator ver. beta Install Wizard

In order to install this software,
please read the following license agreement carefully.

'ﬁoftware License Agreement

[>

Advanced Algorithms & Systems, Co., Ltd. ("AAS") grants yvou ("Licensee") the right to
install and use a copy of the software and printed materials {("Software"), The Software is
provided by download via the Internet or any other means. m
1. Copyright

Copyright and other intellectual property rights of this Software are owned by AAS or

validly licensed by third parties. This Software is protected by copyright laws in Japan and
other countries, and international copyright treaties, as well as other intellectual property

laws and treaties.

2. Grant of license
(a) AAS grants to Licensee a non-exclusive license to use the Software subject to the terms v

% accept the terms. Cancel

{* Ido not accept the terms.,

When you check the “I accept the terms”, then the “Next” button gets enabled. Click the “Next”

button to continue.

SPM Simulator ver. beta Install Wizard

In order to install this software,
please read the following license agreement carefully.

Software License Agreement

[>

Advanced Algorithms & Systems, Co., Ltd. ("AAS") grants yvou ("Licensee") the right to
install and use a copy of the software and printed materials {("Software"), The Software is
provided by download via the Internet or any other means. m
1. Copyright

Copyright and other intellectual property rights of this Software are owned by AAS or

validly licensed by third parties. This Software is protected by copyright laws in Japan and
other countries, and international copyright treaties, as well as other intellectual property

laws and treaties.

2. Grant of license
(a) AAS grants to Licensee a non-exclusive license to use the Software subject to the terms v

Next Cancel
(" 1do not accept the terms.,

15



In the next screen, input the account ID and the license key received from e-mail, and click “OK”

button to continue.

SPM Simulator ver. beta Install Wizard %]

Please enter your Account ID and License Key which are provided by our e-mail,

Account ID I

License Key I

QK Cancel

After that, you will choose the network connection. Please input your proxy settings according your

network environment if necessary. Then click “OK” button to continue.

16



In the next screen, select the install directory in which the SPM Simulator will be installed. Then

click “OK” button to continue.

SPM Simulator ver. beta Install Wizard %]

Install the simulator on the following Folder.
In case that you want to change it, please select it from the Browser button,

Install Dir.: ID:'l,Program Files\SpmSimulator Browse ... I

45307MB is available for the selected drive.

Cancel

The installer starts to install the SPM Simulator module in the requested directory.

M SPM Simulator ver. beta Install Wizard %]

Installing SPM Simulator

This page displays the progress of the installation.

Installing Octane.bmp

After the installation of SPM simulator module has been completed, the “Next” button will get

17



enabled. Click the “Next” button to continue.
B SPM Simulator ver. beta Install Wizard @

We have finished the installation of the module of SPM Simulatar.
Please click the Next button to progress.

This page displays the progress of the installation.

The registration screen to a server is shown. Wait just a moment.
B SPM Simulator ver. beta Install Wizard

Register vour license to the license server,

After the registration to a server is completed, the following screen is shown and the “Next” button

will get enabled. Click the “Next” button to continue.

18



Il SPM Simulator ver. beta Install Wizard

Finished to reqister vour license on the server,
Please click the Mext button,

| Mext l Cancel

The screen of completion is shown. You can create desktop shortcuts of the SPM simulators and can
register the SPM simulator to your start menu. Please check them if you need, and click the “Finish”

button. Then installation has been all completed.

Il SPM Simulator ver. beta Install Wizard

Installation of the SPM Simulator ver. beta finished.

v Create shortcuts on your desktop

V¥ Redister to the Start Menu

Finish I

19



Chapter 2

Operation of the software

1 Overview of the GUI

In this software, a XML file, which is called 'project file', manages in a unified manner all
information required for simulating, such as component data (tip, sample, image), initial position of
them, parameters used by each simulator and result file paths of calculation. Each simulator loads
this project file as an input. The result files are written down at the indicated paths during and after
the calculation. The integrated GUI helps you to create and edit a project file, and renders a

calculation condition and the simulated results in a variety of forms (see figure below).

Integrated GUI Simulators

i Create/Edit
l - GEO
FEM
Project file
Diaplay

| ' | -
’ MD

Calculation result files
i DFTB

\Reference /

Component data

(Tips, Samples. Images)

20



2 Part names and functions

B DFTBTestCSY.pro — SPM Simulator
File Edit Simulation Display

Menu Bar & Tool Bar

D EEE @ Mseected v « *( P B Il [DFTB v [Caloulstion v %

TOECt Edor 3

Setup DFTB

esult & X

* B Cshinoharasspm_v0201 10607 /de bug/DFT B/output! /currer v,

type value 3
= Component
= @ Tip tinsid
& Fosition
x Al
Y =7
z 12
= Rotation
alpha 0
beta 0
gamma 0
B Size
W 624
o 541
h 202466
= Property
density 1.0
young 2666666
poisson 0.333333
hamaker 1.0
E ScanArea
W 15
o 15
h 1
Distance FromSamples 2.74252
= W Sample 1 100! —df
= Position
x o] ~
v 0 g
z . 0 tip position; # 960, 740000 800000 12.00000 -
7 Ratation volt tileV)=  —1.0000000  LTtoS(nA)= —1.0875362
Project Editor tip position: #  961; 790000  B.00000 12.00000
wolt tipley)=  —1.0000000  1TtoS{nA)= —28002604 L V
o 13.43396 3 Og IeW
h A2574R Al over,
4 3 15:14:15 on 06/08,2011 ~

Ly =Ty ~
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</Position>
<Rutat\0n><a\ ha mm— —180 max— 180" >0< /alpha>
0K/ betay

M Surf Database

</Rotation

<Sizer<w otrl=" lake " ¥6.24< >
<d otrl=" label" »5 41 </d>
<h otr=" labe "2 02466 h>

</Bize>

<Property><density unit="a.u.” >1 .0/ density>
<young unit="a.u " >? 666666/ young>
{poissnn>0.333333< missan>
<hamaker unit="a.u.">1.0</ hamaker>

w
I>»zZ
o 3 2

4 - Gy 1 g </Property>
Narx v H H
4 e <53@g“@35§;v>‘5</w> Project View
1 : <h <Ay
e ESSCEHAEF@ Samples»2 74252</0 FramSamples>
5 MIC, istance FromSamples; istance FromSamples
; Q:; 2 BCAIL pib Ty i " v
- V Heig
o
s g o Jshinohara/spm_v020110607/debug/data/Tip/... [= ||
6 ' ::2! g % bdna_test_atom
Feig Aram x v z Relax  Charge 4
7 g vo 1 i -7.10 -7.90 n 0.o0
2 : G / 2 31 -B.96 -8.98 13 .42 a g0.0o
4 collagen-1clzp
s - o ] 51 -7.10 -5.74 13.43 a 0.00
8 = JE 4 $i -5.24 -8.98 13.42 ] 0.00
5 Sff; EFP-1 otbby_ribbe 5 H -10.22 -9.71 14.0Z2 a 0.00
o il \io}
1 v — - ful 000
- . DB View . 5 H 9.0z 7.62 14.02 :
¢ | 3 H -7.80 -9.71 14.0z | DataView
v
Ok ] ’ Cancel
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We explain the main functions of each part on the screen.

[Menu Bar & Tool Bar]
With this bar, you can do file operations such as creating, loading and saving a project file,
simulation control operations such as selecting and running a simulator, replaying, pausing and

stopping the simulation and switching display of each window on and off .

[Project Editor)
Contents of a project file are shown as a tree view on this window. You can edit the shown

values directly. The changes are immediately reflected on “Main View”.

[Main View]
The Main View visualizes the setup information described in a project file such as components,
initial positions of them and a scanning area. A layout of the components can be changed with
use of a mouse, a keyboard and slider bars, and the changes are immediately reflected on
"Project Editor". In addition, movement of a tip and deformation of samples are visualized

during a simulation.

[Result View]

In this window, calculation results are rendered as images during and after a simulation.

[Log View]

Messages from a simulator or GUI are shown on this window.

[DB View]
A list of the components (molecular data of tips and samples) registered into database
previously is shown on this window. In order to take a component you want into a project from

the list, you only have to double-click the component.

[Project View]

Contents of a project file are shown by a text format on this window. You can not edit directly.

[Data View])
Numerical data of component is shown on this window. In the case of molecular data, charge
information and movable/unmovable information of each atom can be set and be edited. But

atomic species and coordinates of atoms can not be edited.
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3 Start up GUI

SPMSimulatorexe

Bi

File  Edit Simulation Display

L3

iDw e (%] ¥« * | > mn DB ] [fepay

Projct Editar 5 X

X

=

1. a. Double-click "SPM Simulators" icon on your desktop.

1. b. Double-click (installed directory)¥SPMSimulator.exe.

See chapter 6 “Trouble Shooting” if GUI does not start up normally.



4 Operations of a project file

After starting up GUI, all operations begin from loading a project file. After a project file is loaded,
the next step is to edit and save the file by use of GUI, and the final step is to run a simulation. In

this section, we explain about file operations such as creating, loading and saving a project file.

I Create a new project

=IEN Edit  Simulation  Disg

Dpen CtrH0
L= ESEE  Files R » [ Create new project
& Reload OFTH|

Project name

|
Save CtrHs Directory |G ¥shinohara¥spm w0201 1 0620¥debug ||
Savehs
= Bxport Image I [ Ok lll Cancel ]
@ Close Ctri+Fa
Quit Ctr+ .

Project Editor 1% Setup DFTE 4
OFTEB fro pe rty value
= CE_maram
=] Maxlter 1
TolForce 1.0
TolEnergy 0.001
displacement 0.1 0000
trial_point_numbsr 10
= Broyden_garam
MaxIter 30
TolErergy 10
E-LDOS
output F
= coord_of_image_center
< | >

1. “Menu Bar” > [File] = [New]! = “Create new project” dialog box
2. Input “Project name” = input “Directory” = [OK]

On "Create new project" dialog box, you have to specify "Project name" and "Directory" (in which
files for a project is made). Using [Ref] button, you can easily select "Directory” by use of an
additional dialog.

After [OK] button is pressed, a directory named as "Project name" is created in "Directory”, and a
project file is created there.

For example, if you input 'C:¥' as "Directory" and 'test' as "Project name",

C:¥test¥test.pro

1 This operation can also be made by clicking “New” icon on “Tool Bar”.
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is created.
After a project file is created, a "Component" item is added on "Setup" tab in "Project Editor", and

default parameter values are set automatically on "Simulator Tab" ("DFTB" in the figure).

I Load an existing project file

[Load with the use of a file dialog box]

simulation  Disg | 5, s [5 DFTETest v emerE-
Cri+

FADbwT
=
A fEA
+ -
i Save Ctri+3 4
Covefs 4 T2 -A
=L ..-’1
=] i
-
e Export Image % ST
€ Close Ctrl+F4
f + 1
Cluit Ctrii I eI [pFTETast Ao ﬂl I (D)
TR, ProRGt st =~ Bz
Project Editor 3]
Setup DFTE
type value
= Tip tip_si4
= Position
X =71
v =7
z 12
= Rotation
alpha Q
beta Q
gamma (4]
=-Size
W 6.24
d 54
h 202466
= Property
density 1.0
young 2.666666
poisson 0333333
harmg
SRy Pro ject Editor K
;" Setup DFTB
h property valug A
Distancy| CG.param
= 4% Samply Maxlter 1
oSl TolForoe 1.0
X TalEnergy 0,001
4 displace ment 010000
= Rotatio trial_point_number 10
alprd| Broyden_param
beta Maxlter 30
gami TolErergy 10
5 She = LDOS
W output F
d = coord_of_image_center -
h e ~
= Propert; d 3
den: O
young 2 G666AEH
poisson 0333333
hamaker 1.0
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1. “Menu Bar” - [File] > [Open]? = “Open Project” dialog box
2. Select a project file (*.pro) > [Open]

When a selected project is loaded, setup information and simulator's parameter information are
shown on each tab of "Project Editor". Simultaneously, components such as a tip and samples are
visualized on “Main View”.

In addition, if calculation results already exist, they are rendered on "Result View".

[Load a recently used project file]

W= Edit Simulation  Display

N CtrN
D bew ' o Selected  v| o *( P MW N [DFTE v/ [Calculation v/ |
L Oren Cir+0

1 no 11 DFTE¥DFTET

pa 2 C¥shinohara¥az uma_fe m¥de mo—fe m_az urma00. pro
g 3 C¥shinohara¥az uma_fe m¥demo—fem_azumall pro
save Ctri+s 4 G ¥shinohara¥FemAFMGLUIZO1 1 0301 ¥de hug¥ FemAFN¥de mo—fe m. pro
- Savehs 5 C¥shinohara¥Fe mAFMGUIZ01 10301 ¥release ¥ Fe mAFM¥de mo—fe m. pro
= Export Image & C¥shinohara¥Fe mAFMGUIZ011 0301 ¥release ¥ DFT B¥Test. pro
G Closa Cirl+FA T C¥shinohara¥Fe mAFMGUIZON 1 0301 ¥release ¥ Fe mAFM¥de mo—fe mi3. pro
Gt OtrH0 8 C¥shinohara¥Fe mAFMGUIZO0T 10301 ¥fermafm¥demo—fem—dna pro
— 9 C¥shinohara¥FemAFMSGUIZ0T 1 0301 ¥femafmydemo—Tfem. pro
_ 10 C¥shinohara¥Fe mAFMGLIZO0N 1 0301 ¥de bug¥ FermAFMYde mo—fem. pro

1. “Menu Bar” = [File] = [Recent Files] = a list of project files3>select a file

[Reload]

W(=N Edit Simulation  Dis

[ Mew CtrHN

b Open CtrH+0

T —

Save Ctr+3
Savehs

= Bxport Image

€ Close Ctri+F4
Cluit il

1. “Menu Bar” = [File] = [Reload]*

2 This operation also can be made by clicking “open” icon on “Tool Bar”.
3 10 recent files are shown at the most.

J

4 This operation also can be made by clicking “Reload” icon on “Tool Bar”.
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When setup information and parameter values are changed before saving the project file, the

project can be returned to the last saved state by reloading.

I Show a project file

File Edit Simulation

Result
Simulation Log

Current Pryect Fil

=T
<z min="0">12</2>
</Position>
{Rotation><alpha min="—180" max="180" >0/ alpha>
<keta min="—180" max="180">0</beta)>
Cgamrma mins" 1807 max="180" >0/ gamma
</Rotation>
{Sizer<w otrl=" label" >6.24</w
<d ctri=" lake " »5.41 </d>
<h ctrl="lakel" »2.02466</ h>
S Sizar
{Property><density unit="a.u." »1.0{ de nsity>
<young unit="a.u" »2 666666 youngy
<poisson»0.333333<  pmoigsany
<hamaker unit="a.u">1 0/ hamaker>
<SPropertys
<ScanArear w1 5w
<d15</d>
<hr1 <A
<SS canfrear
{DistanceFromSamples»2.74252{ /Distance FromSamples>
ATipy N

Current Project File: G:¥shinohara¥spm_v0201 10607 ¥debug¥DFT B¥DFTBTes...

> [E3)

1. “Menu Bar” - [Display] = [Current Project File: file name]

At the back of 'Current Project File:' the name of the current project file is shown. By selecting this
menu, "Project View" is up and contents of the project file can be watched. But you can not edit

the file directly on "Project View". Editing can be done on not "Project View" but "Project Editor".

Save a project file

When a project is edited on GUI, the modification does not reflect on the project file immediately.
The project file is updated only after saving.

Because each simulator calculates with reference to the project file, the project file needs to be
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saved before calculation in order to reflect the modification of the project on a simulation result.

How to save a project file is as follows.

[save)
1. “Manu Bar” - [File] = [Save]®

&I=N Edit Simulation Dis

] Mew Ctri+N
i Oren Ctr+0
Recent Files 4

e Reload

Dave A

= Export Image

€3 Close Ctri+F4
Euit )

[Save as)

I®IEN Edit  Simulation  Disy D s
. - -
[ Mew CriHh V€ PrOJEC
& Oren Ctri+O Project name| DFTE]
Recent Files »
€ Reload Directary | C¥shinohara¥spm v0201 10620%debug
[ Sawe Ctri+S DK H Cancel l
u-! %mg !mage
€ Cinse Ctri+F4
CIuit CrHC

1. “Manu Bar” - [File] = [Save As] = “Save Project” dialog box
2. Input “Project name” = input “Directory” = [OK]

On "Save Project" dialog box, "Project name" and project "Directory" are set.
If [Ref] button is pressed, you can use dialog box to set "Directory".

By pressing [OK] button, a directory which is the same name as project (called project directory) is

5 This operation also can be made by clicking “Save” icon on "Tool Bar".
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created in the directory which "Directory" indicate, and a project file is created in the directory and
saved.

At that time, all files needed for the project including component data and result files are copied
into the project directory.
The current project file name is described on the title bar, on the top of GUI, and if the project is
edited, symbol "*" appears behind this file name.

This symbol disappears after saving.

I Close a project

HEN Edit Simulation  Dis
[] Hew Ctri+h
i’ Omen Ctri+O
Recent Files 4 Project Editor
c Reload
Save Ctri+s
Savehs
= Export Image
LT i

1. “Manu Bar” = [File] = [Close]®

When the project is closed, all contents are deleted from "Project Editor", and the “Main View” is

also cleared.

6 This operation also can be made by clicking “Close” icon on "Tool Bar".
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5 Edit project

I Components

(1) Add, replace, remove

There are three kinds of component such as tip, sample and image. We now explain about a tip as

an example.

[Add])

Import file

7D BRID: | structurs ~] = 3=
3 &) oo
&) octane vz
R Eoiz 7)) B
=
b 8. XYZ D7 b M Mo! Database
Fabhyd BB 2010/10/08 16:21 data ~
244 KB
=
2 KFaAuh ! AT
-
51
Datakase 21 T1-n
Add Sample ¥ File -:‘)]
£vd Image Sehers 34 Db
Cone
omiTyee_modified
Pillsr I Trf B [pentacene.xvz
I D |Moleculs files (o % x02) / I

A
5 e GFP-1ofh rbon
=3 LLL

B Set Pyramid Angle

L3

| Ok | I Cancel |

HEA=1 ADS =

: Setup DFTB
type valug
= Component .
= ;’I Tip ;ﬂ tipTemp
= Position
x o]
W 8]
2 o]
= Rotation
alpha (]
beta 8]
gamma 8]
= Size
W 25
d 25
h 152124
= Property
density 1
young 2 GAAGET
poisson 0333333
hamaker 1
= ScanArea
W 0
d o]
h o]
DistanceFromSamples 0
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1. “Project Editor” = “Setup” tab
2. Right-click on “Component” item = context menu’
3. a.[Add Tip] = [Database] = “DB View” = double-click a component
b. [Add Tip] = [File] = “Import File” dialog box = select a file > [Open]
c. [Add Tip] = [Sphere/Cone/Pyramid/Pillar] > parameter input dialog box = input radius
and angle =2 [OK]

In the case of a tip, data to be added can be selected from [Database], [File], and four kinds of
shape model [Sphere], [Cone], [Pyramid] and [Pillar]. Each of them has its own dialog box®.

In the case of [Database], a tip can be added by selecting and double-clicking a tip name from the
data list. In the case of [File], open file dialog box is used. In the case of shape models, input dialog

boxes for angle and radius will rise in accordance with the shape type.

When specified data are loaded by the operation described above, the item named "Tip" is added
below "Component", and information of the tip is shown below “Tip” item. Simultaneously the tip

is visualized on “Main View”. Samples and an image can be added® in the same manner.

[Add an image file]

Graphics files, such as bitmap and jpeg, have information of brightness, but do not have
information of height. Therefore it is necessary to convert brightness of an image into height data
of a component®®. It is also important to translate the image size into length and width of the

component. We explain how to load an image file of a sample component as an illustration.

7 This menu also can be shown by selecting [Edit] on “Menu Bar” or by right-clicking on "Main View".
8 A Sample is set only from [Database] or [File], and an image only from [File].
9 Two or more samples can be added, while only one tip and only one image can be added.

10 ynless brightness of the image file is proportional to height of the sample, you may not obtain a meaningful result.
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Project Editor [x] lmperciie
S —— I iR [0 aTe <] sEcmE
OFTE |

LY test jog!
walue ﬁi&f%ﬁﬂb
T
ﬁ.dd T i[:l » TABRyF

M

574
21 K2k
Add Image ¥ .

2 JuE2-A

T A9RD—D

| srinaew st - | [wae |
Jrf L iERE(T) ‘Sample filas ( polb oy o tyz K oube K oy k. \ﬂ Fnzrll

[ Set Value Ra nge ‘z‘g|

PP Set Image I'kﬂ.ight ?

value rangelA:

Ok r Cancel

1. “Project Editor” = “Setup” tab

2. Right-click on “Component” item—> context menu??

3. [Add Sample] = [File] = “Import File” dialog box = select an image file 2 [Open]
4”Set Image Width” dialog box = input “width” = [OK]

5.Set Image Height” dialog box = input “height” = [OK]

6.”Set Value Range” dialog box = input “value range” - [OK]

In "Set Image Width" and "Set Image Height" dialog boxes, you have to specify the width and length
of the sample in angstrom unit, respectively. Next, "Set Value Range" dialog box specifies the
vertical height in angstrom unit which corresponds to the brightness of the image from 0.0 (black)

to 1.0 (white).

11 This menu also can pop up by selecting [Edit] on “Menu Bar” or right-clicking on "Main View".
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[Replace]

Setup DFTE
type value
=l CEI nent
E§ D Tip ———
= Position RepEEs D
% Rermove e
g Show Sphere
= Rotation Cone
alpha a f
beta a Pyramld
gamma o Pillar
= Size
w 25
d 25
h 19.2124
= Property
density 1
young 2 6EEGT
poisson (0333333
hamaker
= Scanfrea
g o]
d o]
h o]
DistanceFromSamples a

1. “Project Editor” = “Setup” tab
2. Right-click on “Tip” item = context menu
3. a. [Replace] = [Database] = “DB View” = double-click a component
b. [Replace] = [File] = “Import File” dialog box = select a file > [Open]
c. [Replace] = a shape model = an input parameter dialog box = input radius and angle value
- [OK]

Note that you right-click on “Tip” item (not “Component” in case of Addition) to replace with
another tip. Of course “Sample” or “Image” can also be replaced in a similar way. Note also that the

first item in a pop-up menu becomes [Replace], not [Add Tip].

[Remove]
Proje 3 D
Setup DFTE
tvpe value
= Cormponent
= EI Tip
= Position
x 0]
W o]
z o]
= Rotation
alpha 8]
beta o]
Zamma Q
= Size
W 25
d 25
h
= Property
density 1
YoUng 2 GREAT
poisson 0333333
harnaker 1
= Scanfrea
W 0

1. “Project Editor” - “Setup” tab
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2. Right-click on “Tip” item = context menu

3. [Remove]

When the specified data are removed, the "Tip" item will be removed from under "Component". At

the same time, the tip image also disappears on “Main View”.

(2) Initial layout setting (position, rotation, reset)

There are three kinds of component such as tip, sample and image. We here explain about a tip as

an example.

[Position]

Project Editor Project Editor
Setup | DFTE Setup | DFTB

type type
= Component = Component
= == Tip = = Tip
= Pasition = Pasition
® =7
W =7
z 12
= Rotation
alpha 0]
a= e 0
gamma 4]
= Size
£.24 W £.24
5.4 d 5.4
2.02466 h 202466
= Property = Property
density 1.0 density 1.0
young 2 BE6666 young 2 BE6666
poisson 0333333 poisson 0333333
hamaker 1.0 hamaker 1.0
= Scanfrea = Scanfrea
W 15 1
15 1
h 1 .
Distance FromSamples 2.74252

5
3

Let us move a tip along the z-direction.
1. “Project Editor” = “Setup” tab
2.a. “Tip” = “Position”*? - double-click on “value” of “z” = spin box
b. “Tip” = double-click on “value” of “DistanceFromSamples”*3 - spin box*

3. Input a value®™ = Enter key

12

uyn
z

There are coordinates of the component in angstrom unit under “Position”. In case of a tip position, “value” of “x”, “y” and
stands for the coordinate at the bottommost atom. On the other hand, in cases of a sample or an image position, “value” of “x”
and “y” stands for the center of the component ((xmin + xmax)/2 , (ymin + ymax)/2). And “value” of “z” stands for the bottom
of the component (zmin).

13 «yalue” of “DistanceFromSamples” in angstrom unit stands for (z-coordinate of the tip bottom) - (z-coordinate of the sample

top). If a sample does not exist, this value is set to 0.

14 This operation is valid only when moving along z-direction.
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By the operation above, the tip is moved to specified coordinates on “Main View”.

[Rotation]
Project Editor @
Setup CFTE
type value 3
= Component
= == Tip > tipsid
= Position
= =7
Wy =7
z 12
= Rotation
gamma 0
= Size
W £.24
d 2 02466
b 54
= Prope rty
density 1.0
woung 2 BEAG666
poisson 0333333
hamaker 1.0
= Scanfrea
W 15
d 15
h 1
DistanceFromSamples 274252 v

Let us rotate a tip around the x-direction?®.
1. “Project Editor” = “Setup” tab
2. “Tip” = “Rotation”'” - double-click on “value” of “alpha” = spin box

3. Input a value'® - Enter key

By the above operation, the probe currently displayed on “Main View” rotates the specified angle
in degree around x-direction. This is the same around y- and z-direction. However, images can not

be rotated.

15 \We can move a component by the use of the slider bars on “Main View” or by dragging a component with “Shift” key down
on "Main View”. Note that in the case of moving and rotating a component with mouse operation on "Main View”, the
component need to be selected (see section 9) on the “Setup” tab of “Project Editor”. When there is no selected component,
we can only change the view point, while the layout of the component is fixed.

16 At the present time, we can rotate the components loaded from “*.pdb”, “*.xyz” and “*.txyz” data format.

17" There are rotation angles around three axes below “Rotation” in degree. “value” of “alpha”, “beta” and “gamma” represent the

rotation angles around x-, y- and z-direction, respectively. In case of a tip, the center of the rotation is set at the bottommost
atom. While, in case of a sample, the center of the rotation is the same as the center of the sample. Rotations will be made in

the order, “alpha” - “beta” > “gamma”.

18 The range of rotation angle is between [-180, 180] degrees. You can also rotate a component by dragging a mouse on “Main
View”.
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[Reset]

Reset Layout

lpeRPEO

1. “Tool Bar” - [Reset Layout]
By the operation above, position and rotation angle of each component are reset to the value

which the project file contains at the time. Simultaneously the layouts of components on “Main

View” are also reset.

(3) Show data, modify attributes

We explain how to show the numerical data of a component and to modify attributes.

Project Editor
Setup | DFTE

fiple Sxala Atom X W z Relax = Gharge 3
= Position Replace g §i  -7.10 -7.90 1z.o00f Gf  0.00
x Remowve : T
m ‘ g i -8.96 -8.98 13.42 ] 0.00
g Roétim g i -7.100 -5.76 13.43 ] 0.00
alpha p si -5.z4 -g.98 13.42|] 0o o.oof
keta
Zamma 0 5 H -10.22 -9.71 14.02 ] 0.00
=-Size
W 14.28458 g H -9.02 -7.62 14.02 ] 0.00
ﬁ ;%ggiga 7 H -7.80 -9.71 14.02 ] 0.00
= Property 3
density 1.0
yaung 2 666666 OK I Carcel
poisson 0333333

hamaker 1.0

1. “Project Editor” = “Setup” tab
2. Right-click on “Sample” item = context menu = [Show] = “Data View”
3. Input®® the value of “Relax”?® and “Charge” = [OK]

By the operation above, the attributes of each atom are replaced, and changed values are saved
into a project file. When the value of “Relax” of an atom is 1, the atom may move by atomic forces

during a simulation. As a result, a molecule may be deformed due to the changes of atom positions.

I Set and show a scanning area

19 For now, you can change the attributes only when using the data of “*.pdb”, “*.xyz” and “*.txyz". Note that atomic species and
coordinates of the atom are not editable.

20 “Relax” = 0 means “cannot move” in the atom coordinates, and “Relax” = 1 means “can move”.
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We introduce how to change a height of a scanning area.

Setup DFTB Geoafm

type value
= Component pro 2 ato EB
& # Tip o tip si4 on  Display
5 PDS)(ItIDn -7 Q %ND Selected v+ *. P> B Il [DFTB v/ [Calculation ¥/ »
-7
g 127 Replace 4
= Rotation Rermove
alpha 0]
beta o] Show
gamma 0]
= Size > i Top (=)
:ﬂv g 421;1 : E Front (y=2)
b 02466 Side (=20
E-Scanfrea _'_\ Zoam Al
W 15 SR
| | 00l } ] £, 4 + Reset Lavout
( 00 -
R -3 el o) - R 5 » 'j’ & Reload
= 5 Sample % hsi001 —dfh = Export Image
= Position -
; 8 v Show Tip
;r Q v Show Sample
= Rotation 4
alpha 4]
beta 4} ‘J J . .
gamma o] YWiew Option 4
= Size
e 1428458 GeoAFM 4
d 13.43386
h 9.25748

1. “Project Editor” = “Setup” tab
2. “Tip” = “ScanArea”?! - double-click on “value” of “h” = spin box
3. Input a value—> Enter key

4. Right-click on “Main View” = context menu = [Show Scan Area]??

The operation above changes the height of the scanning area, and the range is shown as a blue
rectangular box on "Main View". In the same manner, you can change the width and the depth of

the scanning area with the use of “w” and “d” at “ScanArea”, respectively.

I Select a simulator and set parameters

We explain below how to select the quantum SPM image simulator (DFTB).

21 There are width (w), depth (d) and height (h) (in angstrom unit) of the scanning range under the “ScanArea”. Starting from the

bottom position of the tip, the tip scans w, d and h values along x-, y- and z-direction, respectively.
22 [Show Scan Area] is a toggle button, so that it makes the scanning area shown and hidden alternately.
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I__| t‘/;\ c-l E == Q Mo Selacted v« & p» B NI |DFTE ¥|lcalcuation v

Simulator Tab
property value unit e
mode DFTB_tipforce_wvO20_ ST
title SH001 J—cl2xd)
_/ two_bady_parameter_folder dftbpara¥
= tip
Ang
N/ m
kHz
= Nidiv -
$—% T v_
z 0
= CG_param
Madter " L
< >

. “Tool Bar” = “Simulator Combo Box” = [MD/CG/DFTB/FEM]?3
. “Project Editor” = “Simulator Tab”

. Double-click “value” of each parameter = each input control?

A W ON P

. Input data-> Enter key

Before setting parameters, you have to select a required simulator. Either among
MD/CG/DFTB/FEM can be selected® with use of "Simulator Combo Box". According to the selected
simulator, the title of "Simulator Tab" is changed automatically (it is DFTB on the figure). Next, each
parameter value needs to be input on "Simulator Tab". About the meaning of each parameter, refer
to another attached document "Reference Manual". When a new project is created, each

parameter contains default values.

Regardless of the selection of a simulator, there is an “Output” item on “Simulator Tab”, and a
"Directory" item just under that. File names of the calculation results are indicated under
"Directory". The results are outputted to them when each simulator is executed. Keep in mind that

if same named files already exist, these files are overwritten?® .

23 A simulator can also be selected by “Menu Bar” > [Simulation] > [Solver].

24 The input control changes automatically such as a spin box in the case of a numerical value and a text box in the case of a letter
according to the requested data format.

25 GEO simulator has its own usage. Read chapter 3 section 1 'high-speed mutual prediction - AFM simulator'.

26 The old files are renamed into “filename~” for backup automatically.
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6 Simulation

I Calculate, replay, stop, and pause

[ calculation / replay]

» |m 11 [pFTB v|[Caloulation M | | o%
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1. “Tool Bar” = “Calculation/Replay Combo Box” - [Calculation/Replay]
2. “Tool Bar” = [Start]

At first, you choose [Calculate]?” or [Replay] "Calculation/Replay Combo Box". [Replay] requires the
existing calculation results. Next, the [Start] button will start the calculation or replay. During the
simulation, the "Main View" shows a movement of the tip and a deformation of the samples in
sequence. In addition, the calculation results are rendered on "Result View". The messages from

the simulator are shown on "Log View".

[stop, pause])

% B|N| OFTE Fe plany (T a5,

T

Stop Pause Progress Bar

1. “Tool Bar” - [Stop] or [Pause]

After a simulation starts, [Start] button becomes unavailable, while [Stop] button becomes available.
If [Stop] button is pressed, the simulation stops.

[Pause] button is available only in the case of replaying. This button suspends the replay. Press the
[Start] button again to resume replaying. During the simulation, you see a progress of the

simulation on "Progress Bar".

I Render the result

[Select data for rendering)

27 The simulator which is selected on “Simulator Combo Box” is run.
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g; RC /shinohara/ spm_v0201 1 0607 /debug/DFT B/ output! /current. csv
C/shinohara/spm_v0201 10607 /debug/ DFT B output! /sts.csv

Result Data Combo Box

'l_‘

Res: Cpfshinohara¥spm ¥0Z01 10209 ¥re lease¥ MD¥FC¥MDout. csv

i/ B |co/shinahara/spm v0201 10209/ release /DFT B/output! /current.cubefl v,

1. “Result View” = [Result Data Combo Box] = select a result outputted file

There is a list of the result files in "Result Data Combo Box"?8, which is described under ”Project
Editor” = “Simulator Tab” = “Output” = “Directory”. When a file is selected from the list, "Result

View" draws a graph, a gradation figure and so on according to the data format.

[Show values)
Result ® M C_/shinohara/spm_v020110209/debug/DFTB... E@B|
:/shinohara//spm_v0201 1 0607 /debug/DFT Bi/output! /current osy v x [Ang] v [Ang] z [Ang] current [nAl
1 | =7 -7 3.44252 -0.389567
e | B3 -7 344252 0646612
g -5 -7 344252 0729827
a -5 -7 344252 0575762
5 -5 -7 344252 0345104
a -45 -7 344252 0245853
v Z2DView I 7 = 7 344252 0416855
30-View g -35 -7 344252 -0857E22
lsaling g -3 -7 344252 -1.31665
R 19 -25 -7 344252 142772
ZTrange Reverse
Col . 9 -2 -7 344252 -1.06528
alor
- -15 -7 344252 0540185
18 -1 -7 344252 0193505
P Export Image 94 -05 -7 344252 -00T44185
=
95 o -7 344252 0124378
98 05 -7 544252 0315051
= 1 = FEEEL —osazEl

1. Right-click on “Result View” = context menu = [Show Data]

[Save As]

28 The list changes according to the simulator selected on “Simulator Combo Box”.
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Save As R @g

y' ebvaw REIBEFAD: [ O st hsi =] & o m@-
3ID-View N
: B R T70 )
Isoline -
z-range Reverse F2h
Color > )
ERAETPIIN
2 Export Image B 3‘/_51‘5!
B Sawe As. 2 #5h0-D
Show Data
D7 ED: I ‘filename ﬂl I B
Jr IDIEEET) [oubel *ouke) =] el |

1. Right-click on “Result View” = context menu - [Save As...] 2 “Save As” dialog

2. Input a new name - [Save]
By this operation, the result data can be saved as a different data format or as a different name.

[3D-View of a gradation figure]

-/shinohara/spm_v020110209/release/DFTB/output! /current.cubefl [¥)
7 B [o/shinoharmsomwozot o w2 D=jew 7 B [c/shinohara/spm_v0201 10209/ release/DFT B/output! /current cubef! v

>
Isoline
z—range Reverse
Color 4

& Export Image
= E Save As.

Show Data

1. Right-click on “Result View” = context menu = [3D-View]
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[ change of a viewpoint]

Result View
C:/ghino hara/SPMSimulata 20111125/ releage/SampleProject/DFT B/stm_hsi/ current. oev

Result View

C:/shinohara/SPWS imulatar201 11125/ release /Sampl

2D-View
v 3D-View

* Zoom All

Front (%)

Side (X-2)
Perspective

Isoline
v z-range Reverse
Color »

Display-Type »

i

1. Right-click on “Result View” = context menu > [Top/Front/Side]

Lighting

B Export Image
E Save As..

Show Data

By this operation, you can get the specific viewpoints such as top view (Top), front view (Front) and
side view (Side). In addition, the viewing angle can be changed freely by dragging on "Result View",

and the viewpoint can be translated by dragging with “Shift” key down.

[Zoom All)

Result View
C:/ghino hara/SPMSimulata 20111125/ releage/SampleProject/DFT B/stm_hsi/ current. oev

20D-View ase/Sample Pro 2 ot/ DFT B/ stm_hsi current cav ]

v 3D-View

D Zoom All <

OpLA— TS
Front (Y-2)
Side (=20

Perspective

Isoline
v z-range Reverse
Color »

Display-Type 4

=

Lighting

Export Image
Save As.

b [l

Show Data

1. Right-click on “Result View” = context menu = [Zoom All]?°

29 [Zoom All] button on "Tool Bar" works as the same function.
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By this operation, resizing and translation are automatically made for the purpose of storing drawn

picture in the whole screen of "Result View".
[Scaling])
1. amouse wheel - rotate

Scaling can be carried out to arbitrary magnification by rotating the mouse wheel.

[Perspective]

2D-View /shinaiara/ BPAG mbt i Pro ot DFT B/ st bl currort oo
3D-View

(C-/hino hara/S PMSimulstor201 11125/ release./Sampie Pro it/ DFT B/stm,hsi/ current. osv

Zoom All
Top (=)
Front (Y-2)
Dk s AY

Isoline
z—-range Reverse
Color 4

Display-Tvpe 14

Lighting

Export Image
Save As..

fm

Show Data

1. Right-click on “Result View” = context menu = [Perspective]

[Perspective] is a toggle button, so that it makes the view perspective or not alternately.
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[ Cross section of a gradation figure]

Result View

5]
C:/shino hara/5PMS imulator20111125 / release /Sample Pro g ot/ DFT B/strm_hsi/ current.cev v

'ﬁ Cross Section Yiew

Croz=—5Section Analysis

20-View
v 30-View

* Zoom All
Top (-2
Frant 0y=2)
Side ({23

Perspective

Isoline
z—range Reverse

Display—Type

Lighting

Export Image
:’ Save As

Show Data

1. Double-click on “Result View” = mark a starting point
2. Double-click on “Result View” = mark a terminal point
3. Right-click on “Result View” = context menu = [3D-View]

4. Right-click on “Result View” = context menu = [Cross-Section] = [Clipping]
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7 Visualization setting

I Show/hide a component

Here we show how to show or hide a component, e.g. a tip.

| <} DETBTestCSY.pro — SPM Simulator
File Edit Simulation Display

D @E 2 @ Noselected v + *( P> B Il [DFTB v/ |[Calculation v »

Add Sample
Add Image

Top (X=Y)
Front (Y-2)
Side (X-2)
Zoom All
Perspective

Reset Layout
Reload

Show Tip

View Option

GeoAFM »

1. Right-click on “Main View” = context menu = [Show Tip]*°

Showing/hiding of the samples or the image can be toggled in the same manner.

Change viewpoint, zoom all, scaling, and perspective

[ change of a viewpoint]

30 [Show Tip], [Show Sample] and [Show Image] are toggle buttons, which make each of them visible or not alternately.
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<l DETBTestCSY pro — SPM Simulator

File Edit Simulation Display

D@5 2 @ MosSelected v » * P B Il DFTE v [Calculation v »

Add Sample L4
Add Image 4

Top (=YD
Side”(X-2)
* Zoom All

+ Reset Layout

' Reload

= Export Image

v Show Tip

v Show Sample
Show Scan Area
YWiew Option L4
GeoAFM 4

1. Right-click on “Main View” = context menu = [Top/Front/Side]

By this operation, you can get the specific viewpoints such as top view (Top), front view (Front) and
side view (Side). In addition, when no component is active, the viewing angle can be rotated freely
by dragging on "Main View", and the viewpoint can be translated by dragging with “Shift” key down.

Three slider bars on "Main View" also translate the viewpoint.
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[Zoom All)

[ DFTBTestCSY. pro

File  Edit

|| ?/: e‘ ':‘ = 0 Mo Selected “

Simulation  Display

L N

Add Sample
Add Image

Top (K-}
Frant (=2}

Reset Layout
Reload
Export [mage

Show Tip
Show Sarmple

Wiew Option
GeoAFM

DFTB +| |Calculation

Show Scan Area

2

B! DETBTestCSV.pro

File Edit Simulation Display

| CE B @ NoSelected ¥ » * > H Il

DFTB ¥| Calculation v

1. Right-click on “Main View” = context menu = [Zoom All]3!

By this operation, scaling and translation are automatically made for the purpose of storing

components in the whole screen of "Main View".

31 This operation also can be made by clicking “Zoom All” on “Tool Bar”.
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[Scaling])
1. mouse wheel = rotate

Scaling can be carried out to arbitrary magnification by rotating the mouse wheel.

[Perspective]

W stm_hsipro — SPM Simulator

File Edit Simulation Display Tool

Add Sample
Add Image 4

Top X=Y)
Front (Y=2)
Side (X-2)

P CERE @ Noseected v o LE s N

+

“ Resgt Layout

€ Reload

B Export Image

v Show Tip
v Show Sample

Show Scan Area
Yiew Option 4

GeoAFM 4

0@ €E 2 @ |Nosekected  v| P « * > W Il [DFTB v/ Calcultion v

1. Right-click on “Main View” = context menu > [Perspective]

[Perspective] is a toggle button, so that it makes the view perspective or not alternately.
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I View option setting

[ Switch molecule rendering methods]3?

W stm_bsilpro — SPM Simulator
File Edit Simulation Display Tool

D@ @B B @ [Nosskcted v| 2 L N

Add Sample
Add Irmage
Top (K-
Frant =22
Side (X-2)

+« Reset Layout
i & Relad
4 2 Export Image

Show Tip
Show Sample

Show Scan Area

ion H
Dot

Ball
Ball&Stick
Cartoon

1. Right-click on “Main View” = context menu

2. [View Option] = [Auto/Dot/Ball/Ball & Stick/Cartoon]

[View Option] changes the method of drawing molecules. When [Auto] is selected, an appropriate
method is automatically chosen depending on a component data. Note that some methods do not
work according to file formats. [Ball & Stick] needs information of atomic bonds, and [Cartoon]

corresponds only to PDB file.

[Toggle translucent/opaque])

32 Currently this operation can be made about the component data only with “*.pdb”, “*.xyz” or “*.txyz” extension.
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| demo—fem_azuma00.pro* — SPM E
File  Edit Simulation Display

Kl E/‘, < E B2 Q Mo Selected v e * p B Il DFTB v [Caloulation v »

Add Image

Top (=Y}
Frant (v-2)
Side (x-2)
Zaom All

Reset Layout
Reload
Export Image

Show Tip
Show Sample

Show Scan Area

GeoAFM

Eile  Edit Simulation Display

@R B @ |MNoselected vl o« F PF B Il [DFTE v Caloulation ¥| »

1. Right-click on the “Main View” = context menu

2. [View Option] = [transparent]33 34

33 [transparent] is a toggle button, so that it makes the picture translucent or opacus alternately.

34 This operation can be made only for the grid formed files which have extensions of “*.cube”, “*.csv”, “*.bmp” or “*.jpg”.
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[Toggle with/without wire]

B* demo—fem_azuma00.pro* — SPM Simulator

File Edit Simulation Display

D@ eEBE @ Mseected v« ® > EDN

Add Image

Top H-Y)

Front (=23

Side (X-2)
*\ Zoom All

+ Reset Layout

€' Rebad

v Show Tip
v Show Sample

Show Scan Area

DFTE *| Calculation % »

| demo—fem_azuma00.pro* — SPM Simulator

File Edit Simulation Display

B! e,—jeg P € |NoSelkcted MR N I

DFTE +| Calculation |+

2

1. Right-click on “Main View” = context menu

2. [View Option] = [with wire]®> 36

35 [with wire] is a toggle button, which changes the image 'with wire' or 'without wire' alternately.

36 This operation can be made only for “*.cube”, “*.csv”, “*.bmp” or “*.jpg” formed files.
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8 Quit GUI

P! DFTBTestCSY.pro — SPM Simulator

i8|=8 Edit Simulation Display
| N Ctri+N - | r
“.. i & lo Selected | +» * P MW Il |DFTB v [Calculation v »
& Open Ctr+0O
Recent Files ’ -
' Reload
- CtrH+s
L2
X Y
-
Y

1. “Menu Bar” = [File] = [Quit]
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9 Others

B showhide window

[ DFTBTestCSV.pr - €044 €

File Edit Simulation

Dw € B =S

| DETBTestCSY.pro — SPM Simulator

File Edit Simulation Display
a g,,j C 02 @ |Noseected v« * P M Il [DFTB v [Replay e »
Project Editar 5 X
Setup DFTE
type valug o
= Component
= Tip tip_sid
= Positian
x =71
W -7
z 12
= Rotation
alpha 0
heta a
gamma 0
= Size
w 6.24
o 541
h 202466
= Property
density 10
young 2 6BAGEEGE
polsson (0333333
hamaker 1.0
= Scanfres X |
w 15 v
< > v J

1. “Menu Bar” = [Display] = [Project Editor/ Result View/ Log View]?’

The operation above makes each of three windows, "Project Editor", "Result View" and "Log View",

37 [Project Editor], [Result View] and [Log View] are toggle buttons, which makes each of them visible or not alternately.
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visible or not alternately®. In addition, double click the title bar of each window, so that each
window can be separated from or docked to the GUI. However, “Main View” can not be hidden or

separated from the GUI.

I Select a component

[Select]

Project Editor @
Setup DOFTE

g CBEQ

Component Combo Box

type value

[ |
Rotation
Size
Property
Soanfres
Distance FromSamples 2.74252
= 8 Sample A hsio —dfh
Position
Rotation
Size
Property

Setup | DFrB _

1a. “Tool Bar” = “Component Combo” = select a component name3®
1b. “Project Editor” = click a content of components

1c. “Main View” = double-click around a component*®

You can select a component by any method of 1a, 1b and 1c. If a component is selected, the outer
frame of the component changes from green to red on "Main View". The selected component can
be translated and rotated by operations of mouse, slider bars and keyboard. When no component is

selected, the viewpoint is changed by the same operation.

38 A window can be hidden by pressing “x” button on the top of each window too.
39 Alistof components contained on “Project Editor” is shown here.

40 By this method component data only with “*.pdb”, “*.xyz” or “*.txyz” extension can be selected.
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[Deselect]

74 — = € Mo Selected v

tipsi4 |

Project Editor

Setup

DFTE

AT T

E-E-E-E-

[

BB R

Position
Rotation
Size
Property
Soanfres
Distance FromSamples 2.74252

¢ Sample

Position
Rotation
Size
Property

W hsiol! —dfh

1a. “Tool Bar” = “Component Combo” = [No Selected]

1b. “Project Editor” = click “Component”
1c. “Main View” = double-click background

The component can be deselected by any method of 1a, 1b and 1c.

I Registration of components to the database

You can register your own component data to the database as follows. Copy your tip data into

“(installed directory)¥data¥Tip¥”,
and your sample data into

“(installed directory)¥data¥Sample¥”.

The registered data of tips and samples are now available from "DB View" for tips and samples,

respectively. Note that the component data only with "*.pdb", "*.xyz" or "*.txyz" extension can be

registered. If there is an image file whose name is "(data file name).gif" at the same directory, the

image is shown as icon on “DB View”.
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I Export image

[Export screen shot of “Main View”)

SN Edit Simulation Dis
REFHEHD: [OOFTE ~| cf B
P Ctrir
l--l\. - ([Sizaa
] A ([Didftbpara
¢ Qpen Ctri+O BYE#oE 7)) DDFT ETest
. = Doutputt
Recent Files » @ Shoutput?
e TFAORuTd Dioutputdas
' Reload 7 Soutputketm
- =7 Dpmject
— 1 KAk gsi“h&‘?%
- sts_das? 2 2 fast
Save Ctri+s 7 St
21 IxPa-h
E EE TN
€3 Close Ctri+F4
Cluit Ctri+Q JLAEM  |oastur - | CE=e
271 DT Mv FrvEl

1. “Manu Bar” = [File] = [Export Image] = “Save Capture” dialog box

2. Input an image file name = [Save]

[Export screen shot of “Result View”)

Result View

!;? = |G /shinohara/spm_v02011 0607 /debug/ DFT B/output! / current. cs. V|I

=

Lighting

o |

e

24 IE1 -k

T4 Hoho—

Save Capture

20-View FETHEFND: | DFTE - ek B
v 30 View [Dasa
‘ (Sdfthrara
Isoline B Eoi J71)b [DFTBTest
¥ z-range Rewerse 7L‘ guutpuﬂ
output?
Bolor ' FAbkud IChoutputdas
(B0 utputkpfm
. Dipraject
Dis platy—T ype 2 H}Jﬂw BDsinh0526
(Chsts das?_2 2 fast
_31’! Eitest

‘Eaptun:—s

7B
A ILOIERRT

REFE)

Fozll

1. Right-click on “Result View” = context menu

2. [Export Image] = “Save Capture” dialog box

3. Input an image file name - [Save]
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Chapter 3

Case study

Here, we introduce some case studies calculated by SPM Simulator. Using the project files for these
studies included in the package of the software, calculation procedure of representative case

studies of simulations are described.

1 Geometrical Mutual AFM Simulator

I Introduction

Geometrical Mutual AFM Simulator (GeoAFM) provides users with a kind of a three-way data
processor, so that it reconstructs the one out of the other two among three geometrical elements,
a tip, sample material and its AFM image. Because this module accomplishes numerical calculations

for the simulation very rapidly, users can obtain results in a few seconds.

A characteristic of this module is that it can only sort out geometrical data of the tip, the sample
material and its AFM image. Thus, it never includes the contribution caused by the van der Waals
interaction between the tip and the sample material. Moreover, this simulator assumes that the tip
and sample material never suffers from deformation. Hence, the GeoAFM produces a result from
only the information of the geometry of the tip, the sample material and the AFM image.
Throughout the simulation, this module assumes that the tip always touches the surface of the

sample material, so that it scans the surface of the sample in the so-called contact mode.

As mentioned above, the GeoAFM never takes equations of both classical and quantum physics into
account. Considering the tip, the sample material and its AFM image to be genuine geometrical
objects and assuming the tip and the sample material always to be in the contact mode, this
module performs the simulation in a manner of elementary geometry. Thus, this simulator is not
suitable for investigating phenomena of the microscopic system, where the quantum effects are

significant. In contrast, this module is very suitable for simulating AFM images of semiconductor
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devices with dimensions on the nanoscale and biological macromolecules. Hence, in general, the

users have to apply the GeoAFM to simulating AFM images at mesoscopic scale.

From now on, we look around how to use the GeoAFM with some concrete examples. As
mentioned above, the GeoAFM works as a kind of the three-way data processor, so that we can use
it in the following three manners:

® Simulation of the AFM image, from the geometrical data of the tip and the sample

® Simulation of the sample surface, from the geometrical tip data and the observed AFM image

® Simulation of the tip surface, from the geometrical sample data and the observed AFM image

Let us try these three simulations one by one in the following subsections.

I Simulation of the AFM image, from the data of the tip and the sample

In this subsection, using the GeoAFM, we derive the AFM image of a single molecule of
Glycoprotein (1clg) on HOPG (Highly Oriented Pyrolytic Graphite). In the simulation, we make use

of a quadrilateral pyramid probe tip.

First, we create a new project file. Click the item [File] > [New], and you will obtain a dialog box
named [Create new project]. In the dialog box, [Project name] is blank. Then, type a string
“test-geoafm001” for [Project name], and a new project file, whose name is given by

“test-geoafm001.pro”, will be generated automatically.

At the second item of [Directory] in the dialog box of [Create new project], the full absolute path of
the directory, where the executable file of the SPM Simulators exists, is shown. This implies that a
new folder “test-geoafm001” for the current project will be created at this directory. Executing the
simulation, the project file and other various data files will be saved in this folder. In this case, this
configuration is convenient because we can let related files be together in this folder. Then, click the

[OK] button.

Next, we load the geometrical data of both the tip and the sample material as follows. Click the tab
[Setup] in the [Project Editor], and you will find the item [Component] at the top of the page.
Right-click on the item [Component] and select [Add Tip] > [Pyramid]. Then, a dialog box of [angle
(deg)] appears to define the angle at the top of pyramid. The parameter, 32.0 degrees, is given as
the default value for the angle, so that we click the [OK] button. Right-click on the item
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[Component] again and choose the item [Add Sample] > [Database]. Then, a database appears for

typical materials prepared previously. Here, we choose [1clg-HOPG] put on the top of the database.

At present time, the window shows the following images. A light blue square located in the center
of the window represents the tip in the shape of the pyramid with viewing from the bottom. The

window displays a chain of the molecule and a substrate made out of graphite, as well.

W test-geoafm001.pro* — SPM Simulator

File Edit Simulation Display Tool
7 CEBE Q [Bicerors v o ® > W I [FEM ] [Calculstion v o

Project Editor
| Setup | FEM
| type value
4 Component
<@ Tp [ pyramid
4 Position
x 0
y 0
z 0
4 Rotation
alpha 0
beta 0
gamma 0
4 size
w 19.9958
d 19.9958
h 16
4 Property
young 76.5
poisson 022
hamaker 50
4 Scanhrea
w 0
d 0
h 0
DistanceFromSamples -23.152
+ B sample [8 1cig-HOPG.cha
4 Position
= 0
y 0
z 0
4 Rotation
alpha 0
beta 0

gamma 0
4 Size

w 66.861 U

d 156.464 i 0 il

) R "3 test geoafmoor.p...

To store up our work done already, we save the project file here. Click the item [File] > [Save], and
you can save a new version of the existing project file as “test-geoafm001.pro”. While you are
working with the project file in the GeoAFM, you have to save it frequently to avoid losing data

unexpectedly.

Now, we execute numerical calculations with the GeoAFM. Put the cursor on the window, which

displays the tip and the sample, and right-click on it. Then, the following context menu appears.
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W test-geoafm001.pro* — SPM Simulator
File Edit Simulation Displey Tool

P CE R Q EceHrs » « % P> W N [FEM ] |Caleulation v

g

Project Editor

Sewp | FEM

typ

W test-gecafmo01.p.

Let us define a resolution of the AFM image, which we are going to obtain with the numerical
simulation. Select the item [GeoAFM)] located at the bottom of the context menu, and click [Set
GeoAFM Resolution]. Then, you can type the value of the resolution. The resolution represents the
minimum length of the numerical calculations for obtaining the AFM image. A unit of the resolution
is given by angstrom and you can adjust its value by 0.1. The maximum value of the resolution is

given by 10.0. A default value of the resolution is put at 5.0 [angstrom] previously.

Here, let us put the resolution at 1.0 [angstrom]. In the actual process of simulation, you have to
adapt it with referring the resolution of the observed AFM image in the real experiments. You need
to pay attention to the following fact. If you take a much smaller value for the resolution compared
with the typical length of the sample material, the amount of the numerical calculations becomes
larger extremely and the simulator freezes. Thus, you have to be careful for tuning the value of the

resolution.
Next, choose the item [GeoAFM] at the bottom of the context menu again, and click [Show

Simulated Image]. Then, you obtain orange contours in the window. They represent the AFM image

derived by the numerical calculation of the GeoAFM.
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W test-geoafm001.pro* — SPM Simulator C=ra e
File Edit Simulation Display Tool Hel

| 7 C B E Q [Bicktors v| v o % > W 1l [FEM_~][Calculation -] o
Project Editor 8 X 2
Setup FEM
type value
4 Component
SBTe B pyramid
4 position
x o
y 0
z o
4 Rotation
alpha [
beta 0
gamma ]
4 size
w 19.9958
d 19.9958
h 16
4 Property
young 76.5
poisson 0.22
hamaker 50
4+ scankrea
w o
d 0
h o
DistanceFromSamples -23.152
4 B sample [B 1clg-HOPG.cha
4 position
x o
Yy 0
z o
4 Rotation
alpha 0
beta 0
gamma 0
4 Size
w 66.861 A u
d 156.464 oy 0] =
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We can modify a scanning area of the AFM image. When we set the tip position (x, y) at
[Tip]>[Position] and set the width and the depth of the scanning area (w, d) at [Tip]>[ScanAreal],
then the AFM image is displayed in the specified rectangular region. On the other hand, even one
of w or d at [Tip]>[ScanArea] is zero, then the scanning area is automatically determined to cover

the sample area. Here we choose the scanning area automatically.

To let the AFM image obtained numerically be distinct, we remove original images of the tip and
the sample form the window. Putting the cursor on the main window and right-clicking on it, you
will open a context menu. Then, remove ticks from items [Show Tip] and [Show Sample] by clicking

them, and you can let the window display only the AFM image.

As mentioned above, we reach at the window displaying only the AFM image, which is a result of
numerical simulation. Drag the cursor on the main window, and you can rotate the AFM image in a
3D manner freely. Click an icon of a magnifying glass on the toolbar, and you can enlarge the AFM
image to let it fit into the main window. For example, you can let the main window afford the fine

view of the AFM image of the long chain of the molecule at ease, as shown below.
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Now, we store up the AFM image obtained by the numerical calculations as a data file, which is
reusable for other purposes later. Putting the cursor on the main window and right-clicking on it,
you have a context menu. Then, choose the item [GeoAFM] > [Export Simulated Data] in the
context menu, and type the data file name as “test-geoafm001-image”. As a result of these
operations, you can save the AFM image obtained with the numerical calculations as
“test-geoafm001-image.cube”. The extension “cube” stands for a data file saved into the SPM

simulators’ own file format.

After accomplishing the above procedures, choose the items [File] > [Save] and [Close], and you can

finish the project.

Simulation of the sample surface, from the tip data and the observed
AFM image

In this subsection, using the GeoAFM, we derive the geometry of the surface of the sample material
from the geometrical data of the tip and the observed AFM image. In the simulation, we make use
of a quadrilateral pyramid probe tip. Moreover, we use the data file of “test-geoafm001-image.cube”
derived in the previous subsection as the AFM image of the single molecule of Glycoprotein (1clg)

on HOPG (Highly Oriented Pyrolytic Graphite).
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First, we create a new project file. Click the item [File] > [New], and you will obtain a dialog box
named [Create new project]. In the dialog box, [Project name] is blank. Then, type a string
“test-geoafm002” for [Project name], and a new project file, whose name is given by

“test-geoafm002.pro”, will be generated automatically.

Second, we load the geometrical data of the tip. Click the tab [Setup] in the [Project Editor]. As
explained in the previous subsection, we choose the pyramid probe tip. We use the default value of

[angle (deg)], 32.0 degrees, for the angle of the top of the pyramid.

Third, we load the data of the AFM image. As explained in the previous subsection, right-click on
the item [Component] and choose the item [Add Image] > [File]. Here, we select the file
“test-geoafm001-image.cube” stored up in the directory “test-geoafm001”, which we create in the

previous subsection.

At present time, clicking an icon of a magnifying glass on the toolbar and enlarging images to let
them fit into the frame, we obtain the following window displaying both an image of the tip and the

AFM image.
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As mentioned in the previous subsection, we put the resolution for simulation of the GeoAFM at
1.0 [angstrom], and click the item [GeoAFM] > [Show Simulated Image]. Then, green contours

appear in the main window. These contours represent the geometrical data of the surface of the
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sample material.

In the following figure, because both the green contours and the orange contours are shown
together, they seem to be a yellow image. On the one hand, the green contours obtained by
numerical calculations represent the surface of the sample material. On the other hand, the orange

contours represent the AFM image given as the initial data for the simulation.
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To clarify the surface image obtained here, we hide the tip and the AFM image from the view.
Right-clicking on the main window to open a context menu, you remove ticks of [Show Tip] and
[Show Image]. Thus, only the image of the surface of the sample material is left in the main window.
As shown in the following figure, to obtain a fine view of the chain of the molecule, you can rotate

and zoom in on the image derived with the GeoAFM at ease.
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Now, we store up the image of the surface of the sample material, obtained by the numerical
calculations, as a data file being reusable for other purposes later. Putting the cursor on the main
window and right-clicking on it, you open a context menu. Then, choose the item [GeoAFM] >
[Export Simulated Data] in the context menu, and type the data file name as
“test-geoafm002-sample”. As a result of these operations, you can save the image of the surface of

the sample material as “test-geoafm002-sample.cube”, which is a data file with the “cube” format.

Simulation of the tip surface, from the sample data and the observed
AFM image

In this subsection, using the GeoAFM, we derive the surface geometry of the tip from the
geometrical data of the surface of the sample material and the observed AFM image. In the
simulation, we use the data file of “test-geoafm001-image.cube” derived in the previous subsection
as the AFM image of the single molecule of Glycoprotein (1clg) on HOPG (Highly Oriented Pyrolytic
Graphite).

At first, we create a new project file. Click the item [File] > [New], and you will obtain a dialog box

named [Create new project]. Then, type a string “test-geoafm003” for [Project name], and a new

project file, whose name is given by “test-geoafm003.pro”, will be generated automatically.
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Second, we load the geometrical data of the sample material. Right-click on the item [Component]
in the tab [Setup], and choose the item [Add Sample] > [Database]. Then, a database for typical
materials prepared previously appears. Here, we choose [1clg-HOPG] put on the top of the

database.
Third, we load the data of the AFM image. Right-click on the item [Component] and choose [Add
Image] > [File]. Here, we select the file “test-geoafm001-image.cube”, which has been created

already in the previous subsection and put into the directory “test-geoafm001”.

At the present time, the window displays the following image.
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Here, as mentioned in the previous subsection, we put the resolution for the simulation of the

GeoAFM at 1.0 [angstrom]. Then, click the item [GeoAFM] > [Show Simulated Image].

To clarify the tip image obtained here, we hide the sample and the AFM image from the view.
Right-clicking on the main window to open a context menu, you remove ticks of [Show Surface] and
[Show Image]. After these operations, we obtain the following window, where only the tip is

displayed as a geometrical object.
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Now, we store up the image of the tip, obtained by the numerical calculations, as a data file being
reusable for other purposes later. Putting the cursor on the main window and right-clicking on it,
you open a context menu. Then, choose the item [GeoAFM] > [Export Simulated Data] in the
context menu, and type the data file name as “test-geoafm003-tip”. As a result of these operations,
you can save the image of the tip as “test-geoafm003-tip.cube”, which is a data file with the “cube”

format.
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2 Finite Element Method AFM simulator

I Introduction

Finite Element Method AFM simulator (FemAFM) carries out numerical calculations for obtaining
an AFM image according to the classical theory of elasticity. The van der Waals interaction between
a tip and a sample material is taken into account in case of the non-contact mode. On the other
hand, the adhesion forces due to the JKR (Johnson, Kendall, Roberts) theory are considered in case
of the contact mode. Assuming that the tip and the sample material obey the differential equation
of elasticity, the FemAFM solves it with the finite element method. Thus, the tip and the sample
material are divided into many small parts with mesh generation, and the solver takes deformation

of finite elements into account.

The FemAFM treats three calculation modes as below.

® [Non-contact mode]: A probe tip attached to the front edge of the cantilever scans the surface
of the sample material, keeping the distance around a few angstroms.

® [frequency shift image mode]: A cantilever, which is oscillated by an external force with a
constant frequency, approaches a sample surface but does not contact with it. A frequency
shift caused by an interaction between a tip and a sample is calculated.

® [viscoelastic dynamics mode]: A cantilever is oscillated by an external force with a constant
frequency at a single point on the sample surface. A sequential motion of the tip is calculated;
the tip contacts to a sample, pushes a sample, and detaches from a sample.

The FemAFM treats the classical mechanics with the van der Waals interaction between neutral

molecules and atoms, so that it just only regenerates phenomena of classical physics. In contrast,

this simulator cannot regenerates quantum effects at all. Thus, on the one hand, this simulator is

not suitable for studying the microscopic system, where the AFM observes atoms and molecules

one by one in a direct manner and the quantum effects are significant. On the other hand, this

module is very suitable for simulating AFM images of semiconductor devices with dimensions on

the nanoscale and biological macromolecules. Hence, in general, the users have to apply the

FemAFM to simulations of AFM images at mesoscopic scale.

As mentioned above, this simulator cannot treat quantum effects. If you want simulate the

problems related to the Scanning Tunneling Microscope (STM) and other various Scanning Probe
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Microscopes (SPMs) which observe material as an atomic-scale image, you should not use this
simulator, the FemAFM. To tackle these problems, which belong to realm of quantum physics, we
recommend to you the Classical Force Field AFM Simulator (CG) and the Quantum Mechanical SPM

Simulator (DFTB) bundled with the SPM Simulators.

In addition to the above, we have to pay attention to the following fact. Using the FemAFM
simulator, the AFM is supposed to scan samples in a vacuum environment or the air at room
temperature. If you want to simulate the AFM experiments in a liquid environment, you have to use

the Soft-Material Liquid-AFM Simulator (LIQ) bundled with the SPM Simulators.

Simulation of an AFM image of an organic macromolecule (non-contact
mode)

In this subsection, we learn how to use the Finite Element Method AFM simulator (FemAFM) with a

concrete example using [non-contact mode].

From now on, using the FemAFM, we derive the AFM image of a single molecule of Glycoprotein
(1clg) on HOPG (Highly Oriented Pyrolytic Graphite). In the simulation, we assume that a
guadrilateral pyramid probe tip scans the surface of the sample. Moreover, we assume the distance
between the tip and the sample to be equal to around a few angstroms, so that the AFM detects

the van der Waals force with the so-called non-contact mode.

First, we create a new project file. Click the item [File] > [New], and you will obtain a dialog box
named [Create new project]. In the dialog box, [Project name] is blank. Then, type a string
“test-femafm001” for [Project name], and a new project file, whose name is given by

“test-geoafm001.pro”, will be generated automatically.

Second, we load the geometrical data of both the tip and the sample material from the item
[Component]. Click the tab [Setup] in the [Project Editor], and you will find the item [Component] at
the top of the page. Right-click on the item [Component] and select [Add Tip] > [Pyramid]. Then, a
dialog box of [angle (deg)] appears to define the angle at the top of pyramid. The parameter, 32.0
degrees, is given as the default value for the angle, so that we click the [OK] button. Right-click on
the item [Component] again and choose the item [Add Sample] > [Database]. Then, a database for
typical materials prepared previously appears. Here, we choose [1clg-HOPG] put on the top of the

database.
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Third, we define a resolution for the finite element method, which will be carried out by the
FemAFM. Click the tab [FEM] in the [Project Editor], and you will find the item [simulation] >
[resolution]. Then, you can type the value of the resolution. Here, let us put the resolution at 2.0

[angstrom].

The resolution represents the minimum length of the numerical calculations for obtaining the AFM
image. To be precise, the resolution represents a typical length between neighboring vertices of a
mesh, which is prepared for numerical calculations of the finite element method. A unit of the
resolution is given by angstrom and you can adjust its value by 0.1. The maximum value of the
resolution is given by 10.0, and its default value is put at 2.0 [angstrom]. In the actual process of
simulation, you have to adapt it with referring the resolution of the observed AFM image in the real

experiments.

At present time, the window displays the following image.
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Now, we define an area where the tip scans. Click the tab [Setup], and you will find the item
[Sample] > [Size], which tells us that the width, the depth and the height of the sample material are
given by 66.861 [angstrom], 156.464 [angstrom] and 23.152 [angstrom], respectively.

Thus, we put the width and the depth of the scanning area at w="68.0" [angstrom] and d="160.0"
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[angstrom], respectively. Then, the scanning area includes the sample material completely.
Moreover, we pay attention to the fact that the resolution (2.0 [angstrom]) can be divided into the
width and the depth of the area (68.0 [angstrom] and 160.0 [angstrom]) exactly, with nothing left

over. Thus, we can split the scanning area into squares of the mesh exactly.

In this case, the scanning area consists of 2720 squares, which is given by 34 (the width) multiplied
by 80 (the depth). In general, if the number of squares that form the mesh of the scanning area
becomes larger than 22500, given by 150 (the width) multiplied by 150 (the depth), the amount of
numerical calculations for the FemAFM exceeds the capability of a personal computer and the

simulation time increases extremely. Thus, you need to be careful for adjusting the resolution.

The origin of the three-dimensional Cartesian coordinate system is put on the center of a substrate
where the sample material lies. Thus, under the item [Tip] in the tab [Setup], enter the starting
point for scanning as [Position] x="-36.0", y="-80.0", z="30.0"” and specify the scanning area as

[ScanArea] w="72.0", d="160.0", h="0.0".

Here, we pay attention to the following fact. To let the numerical calculations of the finite element
method be stable and proper, you need to set the value “z” in the item [Tip] > [Position]
considerably larger than the value “h” in the item [Sample] > [Size]. If the distance between the tip
and the surface of the sample material is not large enough, the van der Waals interaction between
the tip and the sample material becomes too strong. This causes unstable numerical calculations.
Because the FemAFM regenerates the van der Waals force from the Lennard-Jones potential
throughout its numerical calculations, the interaction between the tip and the sample material is in
proportion to the inverse of the distance to the sixth power. Thus, the strength of the interaction
becomes extremely larger all of a sudden, when the tip approaches the surface of the sample
material gradually. This sudden increase in the strength of the interaction sometimes makes the

numerical calculations unstable.
After the above operations, right-click on the main window to open a context menu. Then, make a

tick at the item [Show Scan Area] in the context menu, and you will obtain the following images in

the main window. A purple rectangle shown in the main window represents the scanning area.
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Then you should input the physical properties of the tip or the sample, such as Poisson’s ratios,
Young’s moduli and the Hamaker constants, those are placed at [Setup] tab > [Tip] > [Property] or
[Sample] > [Property]. The default values are 76.5 [GPa] for [young], 0.22 for [poission], 50 [zJ] for

[hamaker], which you can change as you like. We here use the default ones.

The last step before starting your simulation is as follows. You assign the number of threads for the
parallel computing in [OpenMP_threads] in [FEM] tab, where the default value 1 means the single
thread computing. If you set 4 for [OpenMP_threads], your simulation will be done by four cores.
There are three choices in [simulation_mode] in [FEM] tab, where we now use

“femafm_Van_der_Waals_force” (default value).

After the above preparations, choose [FEM] at the “Simulator Combo Box”, and select [Calculation]
at “Calculation/Replay Combo Box” on the toolbar. Then click an arrow icon on the toolbar to start
the simulation. You can display an AFM image obtained as results of the numerical calculations by

choosing the item [Display] > [Results] in the menu bar.
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Right-click the result window to open a context menu. Then choose [3D-View] to get to see the

following 3D image.
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When you look at the above AFM image obtained by the FemAFM, you have to pay attention to the
following fact. In the AFM image, the numerical value given at every point on the surface of the
sample material represents strength of force acting on the tip, not a height of the sample surface.
During the simulation, the tip moves on the scanning area (the xy plane), keeping the tip-to-sample

distance unchanged. The unit of the force acting on the tip is given by [N] (Newton).

I Simulation of an AFM frequency shift image of a crystalline silicon
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I surface (frequency shift image mode)

In this subsection, we learn how to use [frequency shift image mode] of the FemAFM simulator. A
cantilever, which is oscillated by an external force with a constant frequency, approaches a sample
surface but does not contact with it. A frequency shift caused by an interaction between a tip and a

sample is calculated.

We here simulate an AFM frequency shift image of a crystalline silicon (001) surface using a
guadrilateral pyramid probe tip. We assume that the tip oscillates above the surface and never

contact with it.

First, we create a new project file. Click the item [File] > [New], and you will obtain a dialog box
named [Create new project]. In the dialog box, [Project name] is blank. Then, type a string
“test-femafm200” for [Project name], and a new project file, whose name is given by

“test-geoafm200.pro”, will be generated automatically.

Second, we load the geometrical data of both the tip and the sample material from the item
[Component]. Click the tab [Setup] in the [Project Editor], and you will find the item [Component] at
the top of the page. Right-click on the item [Component] and select [Add Tip] > [Pyramid]. Then, a
dialog box of [angle (deg)] appears to define the angle at the top of pyramid. The parameter, 32.0
degrees, is given as the default value for the angle, so that we click the [OK] button. Right-click on
the item [Component] again and choose the item [Add Sample] > [Database]. Then, a database for

typical materials prepared previously appears. Here, we choose [si001].

Third, we define a resolution for the finite element method, which will be carried out by the
FemAFM. Click the tab [FEM] in the [Project Editor], and you will find the item [simulation] >
[resolution]. Then, you can type the value of the resolution. Here, let us put the resolution at 2.0

[angstrom].

At present time, the window displays the following image.
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Now, we define an area where the tip scans. Click the tab [Setup], and you will find the item
[Sample] > [Size], which tells us that the width, the depth and the height of the sample material are
given by 14.28665 [angstrom], 13.52978 [angstrom] and 8.16468 [angstrom], respectively.

Thus, we put the width and the depth of the scanning area at w="16.0" [angstrom] and d="16.0"
[angstrom], respectively. Then, the scanning area includes the sample material completely.
Moreover, we pay attention to the fact that the resolution (2.0 [angstrom]) can be divided into the
width and the depth of the area (16.0 [angstrom] and 16.0 [angstrom]) exactly, with nothing left

over. Thus, we can split the scanning area into squares of the mesh exactly.

The origin of the three-dimensional Cartesian coordinate system is put on the center of a substrate
where the sample material lies. Thus, under the item [Tip] in the tab [Setup], enter the starting
point for scanning as [Position] x="-8", y="-8", z="26" and specify the scanning area as [ScanArea]

W=Ill6ll, d=lll6ll' h=IIOII.
After the above operations, right-click on the main window to open a context menu. Then, make a

tick at the item [Show Scan Area] in the context menu, and you will obtain the following images in

the main window. A purple rectangle shown in the main window represents the scanning area.
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Then you should input the physical properties of the tip or the sample, such as Poisson’s ratios,
Young’s moduli and the Hamaker constants, those are placed at [Setup] tab > [Tip] > [Property] or
[Sample] > [Property]. The default values are 76.5 [GPa] for [young], 0.22 for [poission], 50 [zJ] for

[hamaker], which you can change as you like. We here use the default ones.

The other required physical properties are adjustable in [FEM] tab. Input a density of the tip and a
spring constant of the cantilever in [density] and [spring_constant], respectively, under [Tip] >
[Property]. The default values are 2329.0 [kg/m3] and 0.05 [N/m], respectively. Input also the
surface tension in [surface_tension] under [Sample] > [Property], where the default value is 0.108

[N/m]. We here use the default ones.

We specify the external oscillation of the cantilever in [amplitude] and [frequency] under

[simulation] in [FEM] tab. Input 150 [angstrom] and 0.5 [GHz], respectively.

The last step before starting your simulation is as follows. You assign the number of threads for the
parallel computing in [OpenMP_threads] in [FEM] tab, where the default value 1 means the single
thread computing. If you set 4 for [OpenMP_threads], your simulation will be done by four cores.
There are three choices in [simulation_mode] in [FEM] tab, where we now use

“femafm_frequency_shift”.
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After the above preparations, choose [FEM] at the “Simulator Combo Box”, and select [Calculation]
at “Calculation/Replay Combo Box” on the toolbar. Then click an arrow icon on the toolbar to start
the simulation. You can display an AFM frequency shift image obtained as results of the numerical
calculations by choosing the item [Display] > [Results] in the menu bar. In this 2D image, the height

dimension is [Hz].

Right-click on the result window to open a context menu. Then choose [3D-View] to get to see the

following 3D image.
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Simulation of an AFM viscoelastic dynamics analysis of a crystalline
silicon surface (viscoelastic dynamics mode)

In this subsection, we learn how to use [viscoelastic dynamics mode] of the FemAFM simulator. A
cantilever, which is oscillated by an external force with a constant frequency, approaches a specified
point on a sample surface. The simulator calculates the tip motion; the tip contacts with the surface,

is pushed into the surface, and is about to be detached from the surface.

We here simulate a viscoelastic dynamics of a crystalline silicon (001) surface using a quadrilateral

pyramid probe tip. We assume that the tip oscillates above the surface.

First, we create a new project file. Click the item [File] > [New], and you will obtain a dialog box
named [Create new project]. In the dialog box, [Project name] is blank. Then, type a string
“test-femafm300” for [Project name], and a new project file, whose name is given by

“test-geoafm300.pro”, will be generated automatically.

Second, we load the geometrical data of both the tip and the sample material from the item
[Component]. Click the tab [Setup] in the [Project Editor], and you will find the item [Component] at
the top of the page. Right-click on the item [Component] and select [Add Tip] > [Pyramid]. Then, a
dialog box of [angle (deg)] appears to define the angle at the top of pyramid. The parameter, 32.0
degrees, is given as the default value for the angle, so that we click the [OK] button. Right-click on
the item [Component] again and choose the item [Add Sample] > [Database]. Then, a database for

typical materials prepared previously appears. Here, we choose [si001].

Third, we define a resolution for the finite element method, which will be carried out by the
FemAFM. Click the tab [FEM] in the [Project Editor], and you will find the item [simulation] >
[resolution]. Then, you can type the value of the resolution. Here, let us put the resolution at 2.0

[angstrom].

At present time, the window displays the following image.
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Now, we define an area where the tip scans. In fact, [viscoelastic dynamics mode] does not require
the scanning area because the tip contacts with a specified point. We now set it routinely but note

that the specified point must be in the scanning area.

Click the tab [Setup], and you will find the item [Sample] > [Size], which tells us that the width, the
depth and the height of the sample material are given by 14.28665 [angstrom], 13.52978
[angstrom] and 8.16468 [angstrom], respectively.

Thus, we put the width and the depth of the scanning area at w="16.0" [angstrom] and d="16.0"
[angstrom], respectively. Then, the scanning area includes the sample material completely.
Moreover, we pay attention to the fact that the resolution (2.0 [angstrom]) can be divided into the
width and the depth of the area (16.0 [angstrom] and 16.0 [angstrom]) exactly, with nothing left

over. Thus, we can split the scanning area into squares of the mesh exactly.

The origin of the three-dimensional Cartesian coordinate system is put on the center of a substrate
where the sample material lies. Thus, under the item [Tip] in the tab [Setup], enter the starting
point for scanning as [Position] x="-8", y="-8", z="6" and specify the scanning area as [ScanArea]

W=Ill6ll, d=lll6ll' h=IIOII.
After the above operations, right-click on the main window to open a context menu. Then, make a

tick at the item [Show Scan Area] in the context menu, and you will obtain the following images in

the main window. A purple rectangle shown in the main window represents the scanning area.
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Then you should input the physical properties of the tip or the sample, such as Poisson’s ratios,
Young’s moduli and the Hamaker constants, those are placed at [Setup] tab > [Tip] > [Property] or
[Sample] > [Property]. The default values are 76.5 [GPa] for [young], 0.22 for [poission], 50 [zJ] for

[hamaker], which you can change as you like. We here use the default ones.

The other required physical properties are adjustable in [FEM] tab. Input a density of the tip and a
spring constant of the cantilever in [density] and [spring_constant], respectively, under [Tip] >
[Property]. The default values are 2329.0 [kg/m3] and 0.05 [N/m], respectively. Input also the
surface tension in [surface_tension] under [Sample] > [Property], where the default value is 0.108

[N/m]. We here use the default ones.

We specify the external oscillation of the cantilever in [amplitude] and [frequency] under

[simulation] in [FEM] tab. Input 150 [angstrom] and 0.5 [GHz], respectively.

We also specify a single point on the surface where the tip contacts with it, by the use of [ix] and
[iy] under [JKR_position] in [FEM] tab. [ix] and [iy] are the running numbers along x- and y-direction
of divided cells in the scanning area. [ix] and [iy] start from 1 from the bottom left corner. Now we

input [ix] =5 and [iy] = 1.

The last step before starting your simulation is as follows. You assign the number of threads for the
parallel computing in [OpenMP_threads] in [FEM] tab, where the default value 1 means the single
thread computing. If you set 4 for [OpenMP_threads], your simulation will be done by four cores.

There are three choices in [simulation_mode] in [FEM] tab, where we now use “femafm_JKR”.
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After the above preparations, choose [FEM] at the “Simulator Combo Box”, and select [Calculation]
at “Calculation/Replay Combo Box” on the toolbar. Then click an arrow icon on the toolbar to start

the simulation.

After the calculation finishes, the result file “femafm_simulation_tip_delta_force.csv” is created in
“test-femafm300” folder. You may open the file by Excel or other graphic tools. There are four
columns; the number of time step, the elapsed time [sec], the displacement [m] of the tip and the

external force [N] of the tip suffered from the sample.

The next figure shows the definition of the displacement of the tip and the external force. The
displacement ¢ refers to the depth of the top of the tip, where & = 0 corresponds to the original
sample surface. The external force of the tip F is positive along outward direction from the surface.
F is originated from the interaction between the tip and the sample, and does not include the force

from the cantilever applied by exciting force.

F

The next figure shows the force vs. the displacement of the tip.
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The tip moves along the red arrow. First, the tip contacts with the sample surface which swells a
little, and the tip is pushed into the surface. After the tip goes to a point where the adhesion force
is zero, the tip turns outward from the sample. The FemAFM simulates until the tip is about to

detach from the sample.

In our example, the spring constant of the cantilever is small, so that the slope of the F- curve is

almost horizontal where the tip slips in JKR theory range from van der Waals range. The FemAFM
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does not simulate a process when the tip detaches from the sample. This is because the tip may be
thrown much far away when the tip slips out to van der Waals range from JKR theory range in case

of a small spring constant of the cantilever.
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3 Soft Material Liquid AFM Simulator

I Introduction

Throughout this section we will explain examples which “Soft Material Liquid AFM Simulator” is

able to compute. While currently still under development, this simulator calculates followings.

& Elastic bending or twisting dynamic of cantilever oscillation.
& Viscous fluid dynamics around the cantilever.
% Resonance curve of the cantilever.

& Tapping on soft material samples

When a cantilever is forced to vibrate in the liquid, it arise the fluid fields by stirred liquid around

the cantilever. So the cantilever feels strong fluid force during the oscillation.

And the cantilever also feels a force when it taps on soft material sample with its probe tip. Due to
these forces, the cantilever makes elastic bending or twisting motion. So we have developed a
numerical simulator that analyzes the dynamics of both elastic bending of a cantilever and viscous
fluid of liquid around the cantilever. This software used to simulate the cantilever dynamics
combined with fluid dynamics. And more this is useful for designing and analyzing cantilever

motion tapping on visco-elastic soft materials as rubbers or surface of cells in liquid.

As the initial setting parameter to execute this simulation, there are three groups of settings; such

as cantilever, liquid and samples. There are following input parameters

>Cantilever setting

*structure (length, width, tilt angle)

*density, Young’s Modulus, Poisson's ratio

*amplitude, frequency, twist angle, ...

>Fluid setting
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= density, viscosity
>Sample setting

*structure

*Young’s modulus, damper, meniscus force

This software can output many kinds of data for further analysis. Time evolution of height,

amplitude bending force probe tip feels etc. and the resonance curve can be calculated.

Y W PR S
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I Motion of the cantilever in water

We here introduce an example of LigAFM simulation where a cantilever is vibrated in water. We can

view the vibrating motion of the cantilever.

First of all, launch [1iqgui.exe] and create a new project file with the name you like.

BB basic pro — Liquid AFM Simulator

Fie Edit Simulation Display
0@ @B B @ Nssected ~| =« * > B 0 Ry - [
Proisch Edtor

Setun | LIQ
Simulation Mode  Point ascillation -

Tnput data | Mode seftine | Gantilever

e
Sample Lanist it
resalution (—

CI -
w )

(] Gub Ossilation Mads

*Number of GPUs[1 [

Parameter
Frequency
st

The cantilever is shown in the main display on the right, while the setting controller is placed on the
left.
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Let us look at [Project Editor] on the left.

———————————————— This i hows the [LIQ] - [M
's figure shows the [LIQ] - [fode

Setup | LID setting] tab. Now we set the parameters
Simulation Mode Paint oscillation - ('D indicated by red frames.
Tnput data Mode zetting Cantilever
enviranment A 3
- ) The simulation mode
o @
Fluid ® condition of the calculation
—Z~ditm =zan ©) setting of multiple threading
Samples Lensth unit
resoluticn 1 . . .
At first, select [Point oscillation] at
— Patameter: scat . . .
simulation mode, where the cantilever
Frequency,
start oscillates a specified number of times at a
end ] single site. On the other hand, we provide a
f . . .
s [ simulation mode where the cantilever scans
[ ] Sub Oscilation Mode on the sample surface (under development).
*Mumber of OPUS @

Next, we set the environment as follows.

environment

Yacuum

o iFluid:

We can choose one of two environments, [Vacuum] and [ Fluid], where the cantilever oscillates.

We here select [ Fluid] because we are to simulate in water.

At last, we set the parallel computing. We can specify the number of threads as follows.

*Murmber of GPUS :%

Notice that this parameter is available only for the calculation in the fluid. The fluid calculation is

very time consuming, so the parallel computing is expected to reduce the calculation time.

We have completed [Mode setting] and turn to edit [Input data] tab, shown below. The

initial input parameters here are set by default.
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Input data Mode zettine Cantilever
hatme value |unit I
(=] Tlud
=) material
kwizoos ity 15397 -0 m /g
dengity 0070 ke m"a @
impLlee [ 0e-06 M me 4
=l bar
[=]-- material
denzity 23300 ke m 3
YOLINE 130 GPa
poiEgan .23 ®
[=]- gtrycture
length 400 um
:;luiu:ltfp1 EEI Lm
ept U
angle nn deg ®
tizt na deg
ection 16
=) tip
pogition 400 Lm
width na um
radiuz 1.0 nm
=) gpotheht
pogition 400 Lm
diztance 1000.0 um
angle nn deg
=) body
zection no1ao1t10
zection 101010
[=]- motion
frequency 20 kHz
amplitude 3 nm
bazeheisht i Lith ™
|DigtanceFromSamplez 1.0 nm
=l zample (®
[=]- material
=] point
YOLINE 1.0e+05 GPa
damper 0o MNzAum
tenzion na UM ©
touch 15 nm
detach 1.1
= gtructure
S
um
um
=l gimulation
=l {time
stepz_per_cwcle 1024
max_cycles 2
=l |zonvergence oy
criterion 0.m
=) Dutput
[=]- Directory Foutput
H height height.caw
H height_amplitude height_amplitude.cey
H tipforce tipforce.cey
BE Movie movie] . mve
EE bar_motion barmotion.bar

The important items are @~(@{0 indicated by red frames, and the brief descriptions are as follows.

@ setting of fluid
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setting of material properties of the cantilever
setting of the structure of the cantilever
setting of oscillation of the cantilever

setting the distance from tip to sample

setting of material properties of the sample

®©®Q @O

time step of calculation, convergence criteria

This sample project file has the values of water properties at @ and silicon cantilever at ® in

advance. If you want to simulate with the other material, modify these values.

® is set the basic structure of the cantilever. If you want to simulate more detail, increase the

value of [ sections]. Keep in mind that the calculation time may be consumed in that case.

At ®), we set the distance from the tip point of the needle to the top of sample. Considering the
cantilever amplitude (@ [amplitude]) and the height from sample (@ [touch]), set this

distance properly where the tip comes across the sample softly enough.

As the calculation in liquid takes much time, adjusting the value at will reduce the time. On the
contrary, the calculation in vacuum finishes comparatively early.

For example, input about “30” to the [simulation] > [time] > [max_cycles] in case of
calculation in liquid, and input about “300” to that in case of that in vacuum.

In [convergence] > [criterion],input “0.0”.

=) zimulation
=) time
steps per cycle 1024

[=]- convergence
criterian I}

For details of the other parameters, please refer to the Reference Manual.

We can change the [unit] of several parameters as shown in :lvalue | unit E
the right figure. When you double-click the unit, then a list of the 200 kHz _
supported units is displayed. Please select one of them you like. 15% Elgﬂ/
Note: [um] and [ang] stand for "um" and "A", respectively. ang

Finally, we set the structure of the cantilever. Click the [Cantilever] tab as follows.
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Input data Mode =etting | Cantilever |

eret ] {um |~
width [ ] [um |~]

The contents of (D~ are, respectively,

@ tip position
(D structure of the cantilever

@ structure of hole of the cantilever

We make a shape of the cantilever at (2. In the figure below, the gray-colored polygon is the
cantilever, and the light-green-colored diamond is the tip. The front edge of the cantilever is on the

right side.

As you move the slider bars ® (horizontal) and ® (vertical), the front edge of the cantilever will be
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sharpened. The slider bar © transfers the tip position.

In order to make a single slit in the cantilever, we use the [S1it] option. Check [S1it] so that

you can input a length and a width of the slit in the cantilever. Move the slider bar ® to transfer the

slit position.

e ©

length | 200 | um v
width | 30 lum v

The cantilever whose shape has been modified is shown in the main window as follows.

rl II.I---------I-TI =

_lTI\'
L~k

rrﬂI.IIIIIIIIIIIIII

We have finished the setting mentioned above. Saving the project file, you can start the simulation
with it. Click [Display] > [Result View] from the menu bar to display the graphic window
before the simulation. Click the start button, then the calculation starts, and you can see the

motion of the cantilever.
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B tost.pro — Liguid AFM Simulator
[Ere] Simulation  Display
[~ NoSelected [+ « % B N [cakcuation [+ (D
Froeot Edtor Razult View

Setup | LIO (7 B oSPM/lineui/debug/test/sutput /height cs

Simulation Mode| Point ascillation ~

Tiput data | Mode setting ] Cantilever
Bisi Sfructire:

Lereth 400 um
ity 50 um

Tip Basition)

]

& 5

Loe view ¥ )

2= -00212132 4375 %

2= -00166G71 453125 %
2= 00114805 46875 %
2= -000585271 484375 %
2= 348316e-016 60 %

2= 000585271 515825 %

The case of the simulation in fluid, fluid velocity around the cantilever is shown as below.

When you right-click on the main window, the following pop-up menu opens.

showe bar

enlarge motion
ghrink. motion
ghow fluid velocity
enlarge velocity
zhrink velocity

show bar .................... show / hide the cantilever
enlarge motion ............ enlarge the motion of the cantilever
shrink motion............... shrink the motion of the cantilever

show fluid velocity ........show / hide fluid velocity around the cantilever
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enlarge velocity ............ enlarge the fluid velocity

shrink velocity............... shrink fluid velocity

The calculated results are written in the output files. At the same time, the result is updated on the

result view.

000012 000014

The output items are listed below.

Output items File name File format
Movie of the cantilever motion barmotion.bar Binary
Fluid velocity (only in liquid mode) fluidmotion Binary
Time evolution of the tip height height.csv Text (CSV)
Time evolution of the amplitude of the | height_amplitude.csv Text (CSV)
cantilever at specified points
Force working on the tip tipforce.csv Text (CSV)

The folder path which contains the output files, is shown at the top of the [Result View] window.

You can open and use those files by Excel or your own application.

We show the simulated result of the time evolution of the cantilever oscillation by changing the
calculation conditions; x-axis is the time, and y-axis is the height of the front edge of the cantilever
where the tip is attached. The red line is the simulated result in vacuum without a sample, the

green line in vacuum with an elastic sample, the blue line in water with an elastic sample.
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In vacuum without a sample (red line), the cantilever oscillation makes an artistic sine curve.
Although our simulation assumes a sample as a simple elastic material, you can see the obvious

modulation of the cantilever motion by tapping a sample.

The next figure shows the difference of the time evolution of the cantilever amplitude between in

vacuum and in water.
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-
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tenalsecl
As the calculation proceeds, the amplitude of the cantilever oscillation converges to certain values

for both cases. Note that an inappropriate initial condition may result in a divergence of the

amplitude.
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We can make a triangle-shaped cantilever and simulate with it as follows. Various kinds of the

cantilevers will be available before long.

We now explain the difference between two output files, "height.dat" and "height_amplitude.dat".
For an illustration, we use a sample project "test_nv_001" at
"SampleProject/LIQ/non_viscoelastic/". We make a graph of the resulted output files, "height.dat"

and "height_amplitude.dat", obtained from this project as follows.

6.00E-09 4.00E-09
5.00E-09 - 3.50E-09 W
i o o o 3.00E-09
4.00E-09 b 14 (¢ [¢ ¢ [¢ [¢ /-/
i 2 50E-09
3.00E-09 ' ¢ ¢ ¢ T¢ T¢ T¢ /
2.00E-09
2.00E-09 L 16 16 & 14 & |4 /
Tl ¢ ¢| ¢| ¢]| ¢| ¢| ¢ 1.50E-09
LOOE-09 [ /
b bl & 4 L 2 2 L 2 1.00E-09
0.00E+00 T¢471212%¢%2%¢212 /
0.00E+30% - - - -03 5.00E-10
-1.00E-09
0.00E+00 . . : :
-2 00E-09 0.00E+00 5.00E-04 1.00E-03 1.50E-03 2.00E-03

Illustration of "height.dat", which is the time evolution Illustration of "height_amplitude.dat", which is the time

of the tip height. x-axis is the time, and y-axis is the evolution of the amplitude of the cantilever. x-axis is the
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height at the front edge of the cantilever where the tip time, and y-axis is the amplitude of the exciting

is attached. frequency caused by an external force.

"height.dat" describes the time evolution of the height at the front edge of the cantilever. On the
other hand, "height_amplitude.dat" describes the amplitude of the exciting frequency caused by an

external force.

In the project, the cantilever is oscillated by an external force with a frequency 4.0 [kHz] and an
amplitude 5.0 [nm]. The figure of "height.dat" tells us that the head of the cantilever starts

oscillating smoothly from time at t = 0.

However, in fact, the oscillation of the cantilever at around t = 0 is superimposed by a lot of
components with different frequencies, not only a main frequency at 4.0 [kHz]. These straggled
frequencies are caused by the inherent frequency of the cantilever itself and by the fluctuation due
to the resistance of the fluid. Note that the figure of "height.dat" plots data points every 32 steps,

so we cannot see the small fluctuation.

After a while, a main frequency component of the cantilever converges to 4.0 [kHz] corresponding
to the exciting frequency caused by an external force. As the system approaches the steady states,
the noisy frequency component will disappear. The figure of "height_amplitude.dat" demonstrates

that situation.

I Frequency spectrum of the cantilever

In this subsection we introduce the frequency spectrum of the cantilever. The frequency spectrum

of the cantilever amplitude can be obtained by simulating for a sequence of frequencies.
First, create a new project as before, then select [Parameter Scan(Resonance Curve)] at

[Simulation Mode] on [LIQ] tab in [Project Editor]. Then the items at [Parameter

Scan] becomes available.
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Project Editor X

Setup LI2

Simulation Mode Parameter ScantResonance Curve ¥ | =
Pairt ozcillation

‘arameter ScantFesonance Curve )

Input data

Eriron mert

® ‘acuum
Fluid

Select [Vacuum] at [environment] because we will now simulate in vacuum. In vacuum case,

[Number of CPUs] is not available because the calculation finishes early.

Next, we set the frequency range. Input the values of [start], [end] and [step] respectively

from [Parameter Scan] which is the frequency range providing to the cantilever basement.

Parameter scan

Frequency

ztart 200 kHz =
end ]

ztep 11

For example, if you input values as above, the cantilever is oscillated with divided the range from

20.0 kHz to 50.0 kHz into eleven points. Thus you can set a sequence of frequencies.

Eleven steps every 3 kHz

/\
~ —
I
|

[kHz] 20.0 23.0 26.0 44.0 47.0 50.0

We then set [Input data] tab similar to the previous subsection, but note the following three

items.

The firstis (7 [motion] - [frequency].

[=]- miation
| frequency 200 =00 11 kHz |
amplitude 3 nim
bazeheight a0 Lm

You cannot edit this parameter here, which you have already set at [Parameter Scan] in [Mode

Setting] tab.
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The second is @[DistanceFromSamples]. In this simulation, the tip does not touch the sample.

In order to keep the tip from the samples far away, change the unit into “mm”.

'-IIII'-'II'.'.‘I:-I'-’ - [REEN]
- hazeheight ] L
- [gtancekromaamples d mim

The third is [simulation]. In this simulation, the cantilever amplitude should converge at a
certain level. We, therefore, have to set a large [max_cycles] so that the oscillation repeats a
number of times. The maximum value is now 100 cycles. Note that it is very time consuming in case

of the simulation in water.

= gimulation

f o max cvele
[=]- convergence
criterian I}

Input “@.0” at [convergence] > [criterion].
The other parameters and the shape of the cantilever are the same as the previous subsection.

We are now ready to start the simulation. Save the project, then click the start button. Waiting for a

while, you can obtain a resonance curve in [Result View] as follows.

The horizontal axis represents frequency [Hz], and the vertical axis represents the amplitude [m].

When you examine the detailed behavior around the resonance frequency, change the frequency

range and the number of steps, and simulate again.
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Recalculate around the circled range.

The next graph shows the frequency spectrum of the cantilever. These lines are results of three
conditions, in vacuum, in air, and in water respectively. Thus the resonance frequency shifts by

condition.
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As a summary, we have developed a numerical simulator for cantilever dynamics strongly combined
with fluid dynamics. We consider this simulator is useful for designing and analyzing cantilever

motion tapping on soft materials in liquid.

I Cantilevers having complex shapes
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In this subsection, we explain how to design cantilevers that have complex shapes. As s concrete
example, we use a project file, “test_nv_002.pro”, which is put into the directory,

“/non_viscoelastic/test_nv_002".

In this project file, the cantilever is given as the following figure:

A

1.0 Yo 0.25 0.35 10-4
\ 4
00 0125 025 0375 05 0625 075 1.0

The shape of the cantilever shown in the above figure is described with elements surrounded by
tags <bar><structure> and </structure> in the project file. The elements given by the tags

<bar><structure> and </structure> in “test_nv_002.pro” are as follows:

<body display="false">
<section display="false">0.0 1.0 1.0</section>
<section display="false">0.75 1.0 1.0</section>
<section display="false">1.0 0.4 1.0</section>
</body>
<split display="false">
<section display="false">0.125 0.0 0.1</section>
<section display="false">0.25 0.0 0.1</section>
</split>
<split display="false">
<section display="false">0.125 0.25 0.35</section>
<section display="false">0.25 0.25 0.35</section>
</split>
<split display="false">
<section display="false">0.375 0.0 0.1</section>
<section display="false">0.5 0.0 0.1</section>

</split>
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<split display="false">
<section display="false">0.375 0.25 0.35</section>
<section display="false">0.5 0.25 0.35</section>
</split>
<split display="false">
<section display="false">0.625 0.0 0.1</section>
<section display="false">0.75 0.0 0.1</section>
</split>
<split display="false">
<section display="false">0.625 0.25 0.35</section>
<section display="false">0.75 0.25 0.35</section>

</split>

To define the complex shape of the cantilever, you have to take care of the following points. Looking
at the above figure of the cantilever, we notice that the cantilever is divided into eight parts with
equal lengths along the beam. Thus the cantilever is constructed with eight blocks, whose lengths

of sides along the beam are equal to one eighth of whole length of the cantilever.

To simulate the dynamics of the cantilever with finite difference equations, it is convenient to divide
the cantilever into blocks, whose number is equal to a multiple of eight. Moreover, the solver of the
software requires that the domain is made separate into parts more than twice as much as
appearance of blocks shown as the previous figure. Hence, in the present case, we have to divide
the cantilever along the beam into parts, whose number is a multiple of eight and equal to or larger

than sixteen. From these reasons, we divide the cantilever into thirty-two parts along the beam.

Then, we have to write down the number “32” into the project file, “test_nv_002.pro”, as the
number of grid points along the beam. We define this number with a tag, <sections>, which is
located after the <bar><structure> tag. Here, we have to pay attention to another point. When we
specify the number of grids with the <section> tag, we write actually down the number which is
equal to one plus the number of grids. Thus we have to describe “<section>33</section>” in the

project file.

Finally, we explain a relation between the visualization of the flow velocity and the number of grids.
As shown in the following figure, during both the “Replay” and the “Calculation” modes, time
evolution of movement of the cantilever and flow velocity are drawn in the main window. The

velocity fields of the fluid are sketched on cross sections being perpendicular to the cantilever.
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Every cross section is put at four-grid-point interval. Thus, if you let the number of grids, which
divide the cantilever along the beam, be equal to a multiple of four, the image shown in the main
window becomes favorable. Hence, you had better input the number, being equal to a multiple of

four plus one, to the <bar><structure><sections>tag in the project file.

N test_nv_002.pro — Liquid AFM Simulator

Fle Edit Simulation Display Help

0@ @B B © Nsekcted v| » * p B I [Replay

I Simulation with viscoelastic dynamics

In this subsection, we explain how to simulate viscoelastic dynamics of the cantilever’s tip and a
sample, which exhibits both viscous and elastic characteristics. The Soft Material Liquid AFM
Simulator prepares an option for carrying out simulation of the viscoelastic dynamics. Using this
option, the Johnson-Kendall-Roberts (JKR) theory is assumed for describing the contact dynamics of
the cantilever’s tip and the viscoelastic sample, and we can treat adhesion phenomena caused by
surface tension of the samples. If we use this option, for example, we can output time evolution

data of external force that the viscoelastic sample exerts on cantilever’s tip at ease.

Sample projects for simulating viscoelastic contact dynamics are put in the directory, “/viscoelastic”.
As shown in the following table, three project files are prepared. You can use them in accordance

with your various purposes.

testp_v_001 AFM in vacuum environment. Young’s modulus of the cantilever is small.
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testp_v_002 AFM in vacuum environment. Young’s modulus of the cantilever is large.

testp_v_003 Liquid-environment AFM. Young’s modulus of the cantilever is large.

To carry out the simulation of AFM with viscoelastic contact dynamics, we need to describe some

important parameters in the project files. We explain them in the following table.

<LIQ><fluid><material><kviscosity>

<LIQ><fluid><material><density>

<LIQ><fluid><material><impulse>

<LIQ><bar><material><density>

<LIQ><bar><material><young>

<LIQ><bar><material><poisson>

<LIQ><bar><material><friction>

<LIQ><bar><material><hamaker>

<LIQ><bar><structure><tip><radius>

<LIQ><bar><motion><frequency>

<LIQ><bar><motion><amplitude>

Kinematic viscosity of the fluid. Its unit is

[mA2/s].

Density of the fluid. Its unit is [kg/mA"3].

Impulse of force that molecules give to the fluid

at random. Its unit is [N/ms].

Density of material used for making the

cantilever. Its unit is [kg/m~3].

Young’s modulus of material used for making

the cantilever. Its unit is [GPa].

Poisson’s ratio of material used for making the

cantilever. It is dimensionless.

Coefficient of friction of material used for

making the cantilever. It is dimensionless.

Hamaker constant of material used for making

the cantilever. Its unit is [J].

Radius of the tip of the cantilever. Its unit is

[nm].

Frequency of the oscillation of the cantilever

with external force. Its unit is [kHz].

Amplitude of the oscillation of the cantilever
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<LIQ><bar><motion><baseheight>

<LIQ><bar><DistanceFromSamples>

<LIQ><sample><material><point>

<young>

<LIQ><sample><material><point>

<poisson>

<LIQ><sample><material><point>

<damper>

<LIQ><sample><material><point>

<tension>

<LIQ><sample><material><point>

<touch>

<LIQ><sample><material><point>

<detach>

with external force. Its unit is [nm].

Distance between the surface of the sample and
the center of the cantilever in the initial
position. Its unit is [nm]. (To let the tip of the
cantilever touch the surface of the sample, it
has to be nearly equal to the amplitude of the

oscillation of the cantilever.)

Put a value which is equal to <baseheight>. Its

unit is [nm].

Young’s modulus of the sample. Its unit is [GPa].

Poisson’s ratio of the sample. It is

dimensionless.

Damping coefficient of the sample. Its unit is
[Ns/m]. (This coefficient is made use of to
generate the damping force, which is linearly

dependent upon the velocity.)

Tension between the tip of the cantilever and

the sample when they touch. Its unit is [uN].

Distance between the surface of the sample and
the tip of the cantilever in the initial position. It
has to be less than zero. (Multiply the value of

<basehight> by (-1) and put it.) Its unit is[nm].

Distance between the point where the tip is

released from sample and the initial position of
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the tip of the cantilever. It has to be less than
zero. (Put a value being equal to the value of

<touch>.) Its unit is [nm].

<LIQ><sample><material><point> Hamaker constant of the sample. Its unit is [J].
<hamaker>
<LIQ><sample><material><point> The surface tension of the sample. Its unit is
) [N/m].
<adhesive>
<LIQ><simulation><time> A period of the cycle of the cantilever’s

oscillation caused by the external force during
<max_cycles step="smooth">1.6
the whole simulation. It is dimensionless. A

suitable value of this quantity is 1.6 around.

<LIQ><Output><Directory> Time evolution of a distance and forces of

attraction and repulsion between the
<delta_tipforce where="head" interval="1"

cantilever’s tip and the sample is output into a
displaytype="1D"

file, “delta_tipforce.csv”.
ctri="label">delta_tipforce.csv

We can carry out simulation of viscoelastic contact dynamics in the following manner. First, look at
the project editor window put in the left-hand side of the GUIL. Then we find the “viscoelaticity”
button located under the “LIQ->Mode setting” tab. Second, we click the “viscoelaticity” button and
let it be an “on” state. (In the default setting, it is an “off” state.) Third, click the arrow icon to start
“Calculation” as similarly to the other solvers.

vigooelasticity

off
® on

For example, let us carry out the simulation with the project file, “ testp_v_002.pro”, which is put in
the sample project folder, “/viscoelastic/testp_v_002". Then, we obtain the following force curve

from the output file, “delta_tipforcr.csv”. (The following figure is saved in the file,
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“delta_tipforce_ref.xlsx”, which is put in the sample project folder,

“ Jviscoelastic/testp_v_002/output”.)

20

Force F [nN]
3

-100

O = =

-2 -15 -1 -0.5 0.5

Tip deviation & [nm]

In the above graph, relation between the displacement of the cantilever’s tip and the external force
applied to the tip is plotted. The vertical and horizontal axes represent the external force and the
displacement, respectively. The tip is in contact with the sample. The spring constant of the
cantilever is large and the AFM measurement is performed in vacuum. As shown in the following
figure, the origin of the displacement is put on the surface of the sample and the z-axis points down.

The positive axis of the external force points upwards.

As a summary, we have developed a numerical simulator for cantilever dynamics strongly combined
with fluid dynamics. We consider this simulator is useful for designing and analyzing cantilever

motion tapping on soft materials in liquid.
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4 Classical Force Field AFM Simulator

I Introduction

In this section, we will introduce the examples of the simulation using the Classical Force Field
AFM simulator. The simulator calculates the tip-sample interaction and considers the deformation
of the molecule. The simulator has two method to calculate the molecular deformation, one of

which you can choose.

1. CG-AFM Simulator: Get the stable conformation of a molecule by searching the energy
minimum of the molecular system.
2. MD-AFM Simulator: Monitoring the time evolution of a molecular conformation by

calculating the Newton’s equation of motion.
Calculation procedures of these simulators are roughly as follows.
1. Select the model tip and sample, and set each position.
2. Set the input parameter.

3. Simulate and view the result.

For more information about the input parameter, see the “reference manual”.

Example of calculating the frequency shift image of pentacene in
vacuum

We introduce the atomic scale AFM simulation in vacuum environment by using CG-AFM
Simulator. The sample project file of this example is saved as
“SampleProject\CG\NC_pentacene\NC_pentacene.pro”.

We will simulate AFM images by the use of a pentacene molecule as a sample, and a CO
molecule as a modified tip. We assume the pentacene molecule keeps its conformation, and fix the

positions of the all atoms of the molecule.
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[ GGAFM_NGAFM pentacene.pro — SPM Simulator
il Edit Sinulation Display
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Frojest Editor 8 X
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¥
H
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= Size

g

You can edit and set the input parameters in the “Project Editor” on the left of the window. The

key parameters are listed below. (See the reference manual for more information.)

Initial tip position

scanning area (Setup = Tip = ScanArea)

environment of the simulation system (CG > AFMMode)
scan mode (CG - Tip_Control = scanmode)

pixel size (CG = Tip_Control = delta_xy)

o U kA w N PE

number of tip movement toward z-axis (CG = Tip_Control = NC_Mode_Setting >
ThetaStepNumber)

7. tip amplitude (CG - Tip_Control > NC_Mode_Setting = TipZamplitude)

8. spring constant of cantilever (CG = Tip_Control > NC_Mode_Setting = SpringConst)

9. resonance frequency (CG - Tip_Control 2 NC_Mode_Setting = ResoFreq)

108



Project Editor 5] Project Editor 5]

Setup | GG Setup | GG
type value ropert walue unit
=& Component 8 (och
= &= Tio = Tip_Control
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7 -9 delta_sy 02 ne
¥ -5 delta_z oz Ang
z 45 = NG _Mode_Setting
= Fatation ThetastepMumber 10
alpha 0 TipZamplitude )] Ang
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w 1] ForceConst (1} ni
d 1] resetStruct_ats max Mo
h 1128 OneWayForceCurve Ma
= Property ) =+ ForceField
density 1 nonElectroStatic G-exp_LJ_noCutoff
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paizzon 0333333 +- RI5M
hamaker 1 = Output
=} Scanfirea = Directory )
w 18 = Fx ceafm_fxocav
ﬁ H = Fy ceafm_fyosy
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= Sample pentacene_optitovz = PotentialEnergy ceafm_pot_enecsy
= Pasition H FrequencyShift 20 ceafm_frqcsy
® g B EnergyDizzipation 20 ceafm_engcsv
; 0 = TipPoszitionZ ceafm_tipz csv
=1 Rotation EE Mavie ceafm_maov myvc
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You may view the result of the frequency shift image at “Result View”. (Select the menu bar >

“Display” = “Result”, and select “cgafm_frqg.csv” at the upper box on “Result View” window.)

I Example of calculating force curve in aquatic environment

Next, we introduce the example of the CG-AFM calculation in aquatic environment. The sample

project file of this example is saved as ‘SampleProject\CG\HOPG_RISM\HOPG_RISM.pro’. The tip
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model is a carbon nanotube, and the sample is a graphene sheet (HOPG). In this calculation, we

assume these structures are not deformed. Therefore, we set to fix all the atoms in the structures.

W cg_hopg_fcurve_rism_test.pro — SPM Simulator Ver.20120123 =10l x|
Eile Edit Simulation Display T £
DT Q s A SN N N e | T o
Froject Editor 8 x
Senp GO0 |
property ‘ua\ue =
AFMmode CG_RISM
= Tip_Control
scanmode ForceCurve
delta_xy 0
delta_z 0.1
= NC_Mode_Setting
ThetaStepNumber 1
TipZamplitude 0.6
SpringConst 200
ResoFreq 23.165
FreqShift 5
ForceConst 0.5
resetStruct_atZmax Mo
OneWayForceCurve Yes
= ForceFeld
nonElectroStatic 6-exp_LJ_noCL
ElectroStatic Yes
= RISM
TypeOffourierTransform  log
Temperature 298.0
NumberOfRadiusBin 512
LogRadiusMin -4.37
Deltal ogRadius 0.021
VolumeRadius 10
Solvent
Molecule water
NumberDensity 0.03334
= Solvent_Solvent
InitialBroadening 1.4
Tolerance 0.0001 b
RISMStepMax 1000
=-Solute_Solvent
InitialBroadening 1.5
Tolerance 0.0001
RISMStepMax 1000
= Output NI
= Directory 4 - gy gy
| | : LIJ ! i

We can set the input parameters from the ‘Project Editor’, which is on the left side of the GUI.
When we want to simulate under the aquatic environment, we need to set the value of the system
environment (column ‘AFMMode’ in the CG-tab) to be ‘CG_RISM’. Moreover, we need to check the
value for all the parameters because almost all the parameters affect the result of the simulation
under the aquatic environment. As for the meaning of the parameters, see the reference manual.
We show the results of the force curve (left panel in the figures below) and the variation of total
free energy of the system (right panel) when we gradually decrease the tip-sample distance. We can
see the vibrational behavior, which is the typical feature of the AFM measurement under the
aquatic environment.

This CG-AFM solver outputs the result of the calculated solvent-solvent correlation function,
whose file name is ‘CG_RISM_Corr_VV.csv’ in the output directory. (However, we cannot view the

data in this file by the result view in the GUI.

110



I Example of calculating force curve of chain alkane

We introduce the atomic scale and dynamical AFM simulation by using MD-AFM Simulator. The
sample project file of this example is saved as
“SampleProject\MD\FCurve_octane4\FCurve_octane4.pro”.

We simulate the force curve by the use of four octanes as the sample, and a CNT molecule as the
tip. We assume the lower edges of the octanes are bonded on the substrate, so that we make the
position of the bottom atoms fixed. The four octanes are evenly distributed on the substrate. The
simulator calculates a force onto the tip during the CNT tip comes close to the molecules on the

substrate.

B! MDAFM_FCurve octane.pro — SPM Simulator
File  Edit  Simulation Display

[ €5 B @ Noselsted v o« # o m N M0 v [Galoulation ¥ ]
Project Editor 2
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deltax 05
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Temperature 300
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>
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You can edit and set the input parameters in the “Project Editor” on the left of the window. The

key parameters are listed below. (See the reference manual for more information.)

@O @O ®d00aC

Project Editor

pixel size (MD - Tip_Control - delta_z)

Setup | D
type value ~
(= Compornett
== Tip E:I Nanotube—10x0-Height1 24 txyz
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= Size
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0
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v

Initial tip position (Setup = Tip = Position )
scanning area (Setup = Tip = ScanArea = h)
Initial samples position (Setup = Sample - Position )

scan mode (MD - Tip_Control = scanmode)

time step (MD > MD_Setting = TimeStep)
step number (MD - MD_Setting = StepNumber)
temperature (MD - MD_Setting > Temperature)

Project Editor

Setup | MD |
property value unit | descriptions
= i antiol
| srcanmode ForceCurve I
Elta_ 2] TFE
delt 05 Ang
[detaz i fing ]
Y _SCAnnInig ZIEzaE
= NG _Mode_Setting
ThetaStepMumber 5
TipZamplitude 10 fng
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= MD_Setting
TimeStep 10 f=
StepMumber 4000
Temperature 300 K
=1 ForceFeld_Parameter
Safety_maode ztopCale
= Input
Thitial_Velocity
= Output
(= Directary ¥
= Fx frcav
H Fy fw ey
= Fz fz sy
B FrequencyShift 20 FSocsv
= M Energy Enereycsy
energy_freq 2000
= =% Movie MDout v
movie_freq 500

You may view the result of the frequency shift image at “Result View”. (Select the menu bar >

“Display” = “Result”, and select “fz.csv” at the upper box on “Result View” window.)



You can view the simulated movie of the tip and the samples when you select “Replay” mode and

click the Play button.
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5 Quantum Mechanical SPM Simulator

I Introduction

In this section, we introduce some case studies calculated by “Quantum Mechanical SPM Simulator”.
The project files for these studies are included in the package of the software. The calculation

procedure in this simulator is roughly described as follows:

i. Set up the tip and the sample models (in the “Setup tab”)
ii. Set up the other input parameters (in the “DFTB tab”)
iii. Start calculation

iv. After the calculation, see its results

We have described how to operate the Graphical User Interface software in the previous section.

For more information about the input parameter, see the “reference manual”.

Example of AFM (frequency shift) image simulation

First, we introduce the example of AFM (frequency shift) image simulation, whose function is
equipped in the other simulators in our software. (The project file of this example is
“SampleProject\DFTB\afm_hsi\afm_hsi.pro”) You can use this simulator when you would like to

analyze the AFM related physical quantities precisely.

[ atm_hsipro — SPM Simulator (=}
File Edit Simulation Display Help
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In this simulation, we use the modeled Si tip apex hydrogenated and the hydrogenated Si(001)
surface.

We comment on the important parameters in this example. Most important ones are enclosed by
the red squares. (When we simulate on another system, we need to pay attention to the other

parameters, which are not enclosed by the red squares. Please refer to our “reference manual” for

confirming their meaning.)

Starting point of the scanning region

(ONS)

Size of the scanning region. When we want to calculate the value of the frequency
shift, please set the value of the tag “h” to be larger than 0.

@ Calculation mode. Choose “DFTB_AFM”.

@ Physical parameters for cantilever

® Parameters for the macroscopic figures of the tip

Note. We cannot calculate the relaxation of the structures at now.

E ﬂ
Setup | DFTE | Setup  DFTE |
type I
tip_heid e o @
-l two_body parameter_folder ¥ EDFTEY¥h-c—
=7 =} il
il ® | amplitude 1a60
157571 | k_cantilever 41 @
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- alpha i] Bl
beta a 20
il ; a0
[ 10
[z} GG _param
i Maxlter a
TolForce 10
TolErergy ooom
762855 ® dizplacement 010000
TH2855 - trial_point_number 10
35 [z} Broyden_param
istanceFromoamples i MlaTter 50
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I'—_'}-- Sample hei0m ----ouEput_elgenvaIue on
B Pozition - Fgher -
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We can see the image of the frequency shift simulated on this setting by using our Result View in
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the GUI (see the figure below). In this setting, when the tip position is on the hydrogen atoms of the
surface, the value of the frequency shift is larger than the other tip position. It is because that the

attractive force between the tip and the surface enlarges on such tip positions.

Result View

CifUsers/ase/SP M ditb calculated /cponl 8/ mpalfafm_hziffreq_shiftcsy =

Examples of STM simulation

(1) Simulation for a tunneling current image

Next, we introduce two example of STM simulation, whose function is not equipped in the other
simulators in our software. The first example is the image calculation of the tunneling current. (The
project file of this example is “SampleProject\DFTB\stm_hsi\stm_hsi.pro”)

In this simulation, we use the modeled Si tip apex and the hydrogenated Si(001) surface with one

defect.
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[Bstm_hsipro — SPM Simulator
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We comment on the important parameters in this example.

Most important ones are enclosed by

the red squares. (When we simulate on another system, we need to pay attention to the other

parameters, which are not enclosed by the red squares. Please refer to our “reference manual” for

confirming their meaning.)

©® 0o

Starting point of the scanning region
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Calculation mode. Choose “DFTB_STM”.

Size of the scanning region. The value of the tag “h” forces to be 0.

Tip voltage. (In case of “DFTB_STM” mode, the value of the tag “minimum” is used.)

Division number of k-points in samples’ Brillouin zone for calculating samples’ states.



Project Editor

Project Editor

E
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4 [Component |imode DFTE_sTM | \&/
a Tip tip_sid.xyz title H-5i(001) with defect
4 Position two_body_parameter_folder h-c-si
X =t 4 tip
¥ -7 ® amplitude 100.00000
z 13.05748 I k_cantilever 40.00000
4 Rotation resonant_freg 170.00000
alpha 0 a Ndiv
beta 0 X 60
gamma 0 Y 60
4 Size Z o
w 6.24 » CG_param
d 5.41 4 Broyden_param
h 2.02466 MaxIter 30
4 ScanArea TelEnergy 10.
w 15 output_eigenvalue off
d 15 @ > Fwdw
h 0 4 ftip_bias_voltage
DistanceFromSamples 3.8 minimum -1 l @
- Geometry maximum -1
4 [ sample hsioo1-dfh.xyz Idiv ]
a Position INdiv_kaints 4 l @
® 1] electron_temperature 50
¥ 0 tip_charge_neutrality
z 0 4 translational_vector
4 Rotation 43
alpha i} X 15.35014
beta 0 Y 0.00000
gamma 0 Z 0.00000
4 Size 4 b
w 14.28498 X 0.00000
d 13.43396 Y 15.35014
h 9.25748 z 0.00000
4ac
X 0.00000
Y 0.00000
Z 100.00000
4 Output
Directory ¥
4 n 3

Result View

G/ Usersfass /SPM/dfth /caleulated/cpon 4,409 18 npal/stm hei/ourrente = |

118

We can see the image of the tunneling current simulated on this setting by using our Result View
in the GUI (see the figure below). In this setting, when the tip position is on the hydrogen atoms of
the surface, the value of the frequency shift is larger than the other tip position. It is because that
the attractive force between the tip and the surface enlarges on such tip positions. The value of the

current enlarges when the tip position is on the defect, where there is a dangling bond.




We compose four other project files for image simulation of the tunneling current in the package.
Si tip and Si(111) DAS 7x7 surface:
SampleProject\DFTB\stm_das7\stm_das7.pro,
Fullerene tip and Si(111) DAS 7x7 surface:
SampleProject\DFTB\stm_das7_c60\stm_das7_c60.pro,
Si tip and Si(001)-2x1:H surface:
SampleProject\DFTB\stm_si001_2x1h\stm_si001_2x1h.pro,
Si tip and Si(001)-3x1:H surface:
SampleProject\DFTB\stm_si001_3x1h\stm_si001 3x1h.pro.

(2) Calculation of Scanning Tunneling Spectroscopy

The second example is the calculation of the scanning tunneling spectroscopy. (The project file of
this example is “SampleProject\DFTB\sts_si001_3x1h\sts_si001 3x1lh.pro”)

In this simulation, we use the modeled Si tip apex and the Si(001)-3x1:H surface.

*C P » B N DFTB v [Colulaten ~

We comment on the important parameters in this example. Most important ones are enclosed by
the red squares. (When we simulate on another system, we need to pay attention to the other
parameters, which are not enclosed by the red squares. Please refer to our “reference manual” for

confirming their meaning.)
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Tip position (Calculation is done only at this position in the STS mode.)
Calculation mode. Choose “DFTB_STS”.

Tip voltage. (Minimum value, maximum value, and division number between them.)

® 0O

Division number of k-points in samples’ Brillouin zone for calculating samples’ states.

Project Editor @ Project Editor @
[ Setwn | DFTE | Setp | DFTE |
type value property value
4 |Component mode DFTB_STS I @
4 | Tip tip_si4.xyz title Si(001)-3x1h
4 Position — two_body_parameter_folder h-c-si
22 1.564105 > tip
% -1.31559 ® | . CG_param
z 10.93618 4 Broyden_param
4 Rotation MaxIter 300
alpha 0 TolEnergy 0.1
beta 1} output_eigenvalue on

gamma 0 > Fvdw
Size 4 |tip_bias_voltage
6.24 minimum -4 @
5.41 maximum 4
2.02466 Ndiv 100
Ndiv_kpoints 4 @
0 electron_temperature 50

1} > tip_charge_neutrality

translational_vector

S

DistanceFromSamples 3.4 43
> Geometry X 11.51877
4 [ sample si001_3x1h.xyz Y 0
4 Position z 0
ab
X 0
Y 3.83959
Rotation z 0
alpha 0 ac
beta X v}
gamma Y 0
Size Z 100

10.80738
2.63117
7.53618

: Output

We can plot the results of the tunneling current and its spectrum simulated on this setting by
using our Result View in the GUI (see the figures below). The left figure is the |-V curve, and the
right one is the differential conductance curve (dl/dV)/(I/V) - V. The voltage V of the horizontal axis

is the tip bias compared to the sample one.
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Result View

Result View =
|O:,-"Usersf'ass,-"SPM;"dftbfrum"surfscifsts;"swﬂﬂI_lehfcurr_voltcsv - |

I Simulation for a KPFM simulation

We introduce one example of KPFM simulation. (The project file of this example is
“SampleProject\DFTB\kpfm_c6\kpfm_c6.pro”)

In this simulation, we use the modeled Si tip apex hydrogenated and the Si(001)-c(4x2) surface.

P'kpfm_c6 pro — SPM Simulator P [l ]
Eile Edit Simulation Display Help
0@ @R B @ |Mosekoted =] « * | » W W [0FTE =] [Feplay - %
Project Editor & x
Setup | DFTB |
type vale
== Tie ] tip_hsit
= Pogition
X -7
¥ -fi
: 1416466
=1 Rotation
alpha 0
beta 1]
gamma o
B)-Size
w 624
d 541
h 350466
- Seandrea
w 1636014
d 1536014

h 0
DistanceFromSamples &
£ Geometry

radius n
angle oo
= & Sampke & sion

=i~ Position
x 1]
¥ 0
: i

= Rotation
alha 0
beta 0
gamma i

= Size
W 1428858
d 1352978
h a764e8

Si- Property
dersity 1
young 2666666
poisson 0333333
hamaker
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We comment on the important parameters in this example. Most important ones are enclosed by
the red squares. (When we simulate on another system, we need to pay attention to the other
parameters, which are not enclosed by the red squares. Please refer to our “reference manual” for

confirming their meaning.)

Starting point of the scanning region
Size of the scanning region. The value of the tag “h” forces to be 0.

Calculation mode. Choose “DFTB_KPFM”.

® 0O

Charge neutrality of tip. (Minimum value, maximum value, and division number
between them.) Note that we cannot use the bias as the control parameter because

of our adopted calculation model.

E x
Setup | DFTE | Sewp  DFTE |
o 4 [
1 |
- mode DETE REEM. L (3,
- ) two_body_parameter_folder ¥ ¥ EDFTE¥h-n-zi¥
-7
-6 @ 10000000
1416468 4000000
0 17000000
i] a0
1] 30
: i
624 [+ CG_param
- a41 [=}- Broyden_param
sk SE0AGE b MaxTter 300
EHfzcanfrea o TolEnergy 01
; 1535014 @ - output_eigenvalue off
- 1635014 [ Fdw
) 0 [+ tip_bias_voltage
- DigtanceFromsamples 6 afure ol
G- Geometry =i} tip_charee_neutrality
== 5 I . oo o LT -01
. P;Sr?ﬁ; * - MEXimum 0310000 @
L o Mdiv 4
0 a7 o4l | 4
n E =
o 1535014
i} 000000
il 000000
o 000000
1426655 15.35014
= 1252078 000000
b 216465
. 0noooa
1 Property 0 00000
10000000
(= O_utput
|2 Directory ¥
4] | i

We can see the image of the local contact potential difference simulated on this setting by using
our Result View in the GUI (see the figure below). In this setting, we can see the region with the

large potential difference. This region coincides with the lines connecting the up dimer Si atoms.
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Result View

CifUgersfass SPMAditb/caloulated /cpon03/hpalkpfm_c 6/ LGP Dasy -

We compose three other project files for KPFM image simulation in the package.

Si tip and Si(001)-c(4x2) sample surface, but with a different tip-sample distance :
SampleProject\DFTB\kpfm_c4 \kpfm_c4.pro,

Si tip and Si(001)-c(4x2) sample surface with an impurity:
SampleProject \DFTB\kpfm_n6\kpfm_n6.pro,
SampleProject\DFTB\kpfm_n4\kpfm_n4.pro.

band calculation

Finally, we introduce an example of band calculation.

In this calculation, we use titanium dioxide as a sample.
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[ band_to2.pro — SPM SAmu\alDr‘ -~ [E=E 5

File Edit Simulation Display Tool Help Help for beginners

[P CEE Q@ NoSketd ] « * > » B Il [BFIB ]G o
Project Editor & x
Setup DFTB
property value
mode DFTB_BAND
title brief description of this calcu
two_body_paramet- two_body_parameters
stm_mode ConstantHeight
tip
CG_param
4 Broyden_param
Maxlter 150
TolEnergy 0.1
output_eigenvalue  off

Fydw
feedback_param
tip_bias_voltage
Ndiv_kpoints 4
Dos
electron_temperature 50
» tip_charge_neutrality
4 translational_vector

“a
X 4.593
Y 0
z 0
ab
X 0
Y 4.593
z 0
c
X 0
Y 0
z 2.959
4 band_calculation
lattice_type TET
band_kpoints 12
band_ndiv 8
solver_type cpu 2 4
OpenMP_threads 1 i
- v 8]

We comment on the important parameters in this example. Most important ones are enclosed by
the red squares. (When we simulate on another system, we need to pay attention to the other

parameters, which are not enclosed by the red squares. Please refer to our “reference manua

confirming their meaning.)

1 Calculation mode. Choose "DFTB_BAND".

@ Band calculation parameters (lattice type, division number of k-points, and division

number of lines.)
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We can see the band structure on this setting by using out Result View in the GUI (see figure

below).

Project Editor

Setup
type

a Component
a [ Tip

4 Position

DFTE

x
¥
z
s Rotation
alpha
beta
gamma
4 Size
w
d
h
4 Property
young
poisson
hamaker
4 ScanArea
w
d
h
DistanceFromSamples
4[4 sample
4 Position
x
¥
z
4 Rotation
alpha
beta
gamma
4 Size
w
d
h
4 Property
young

value

= tip_hsi4.xyz

6.24
541
3.50466

76.5
0.22
50

m

0

0

0

-1.4795

= Tio2.xyz

3.69782
3.68782
1.4795

76.5

Project Editor |
Setup DFTE
property value
| mode DFTB_BAND
title brief description of this calculat|
two_body_paramet-- twe_body_parameters
stm_mode ConstantHeight
- tip
» CG_param
4 Broyden_param
MaxIter 150
TolEnergy 0.1
output_eigenvalue off
» Fudw
- feedback_param
- tip_bias_voltage
Ndiv_kpoints 4
» DoS
electron_temperature 50
- tip_charge_neutrality
4 translational_vector
4 a
X 4.593
Y 0
Z 0
4 b
X 0
Y 4.593
z 0
4c
x 0
Y 0
Z 2,950
4 band_calculation
lattice_type TET
band_kpoints 12
band_ndiv g
SOIVEl_Lype CPO
OpenMP_threads 1

» Qutput

Result View

Gi/Program

=

Fi 7 /DFTE/band tiod. |
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Chapter 4

Image Comparison

1 Overview

When we use the GUI-module for comparing between measured images and simulated images (we
call ‘Analyzer-module’ below), we can display and visualize various data formats such as the
measured SPM image data, the output data from various analyzing software, the result data of our
SPM Simulator, and the image data captured from scientific papers. We can easily compare these
images by displaying them in parallel. Moreover, we can use this module as software to transform
the data format because this module can save the inputted data as your favorite format. This
module also equips the functions to correct inclination of an image automatically, to estimate a tip
shape, and to remove influences of tip shape included in a measured image. We can use the
functions of the Fourier analysis, the high-resolutionization algorithm, and the neural-net analysis.
Furthermore, the ‘Analyzer-module’ provides several functions as the digital image processing tool;
such as the binary image generation using a threshold, the contrast adjustment (gamma correction),

the edge extraction (Sobel filter processing) and the noise reduction (median filter processing).

- Analyzer
Simulators
GEO
FEM
SPM
(hardware
LiQ

Simulation images Measured image

CG
MD Parallel displaying
DETB Captured image Analysed image

Figure in paper, Software for
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2 Part names and functions

Window
[j o=

-1 5000.0

Analyzer

o R
} Image View

Menu Bar & Tool Bar

h Gold_1_1 0 stpasc.cube

¥[Ang] Y¥TAngl ZlAng] A
. R -56.45 0 142187
) LGy 56,008 0 130176
s 5645 55568 0 131798
. 5645 55127 0 128166
: =6 - 0 157012
6 s{ Data View 0 164858
Z 5645 536039 0 169593
3 5645 —5aaaze 0 172405
s 5645 —5zazia 0 180434
0 5645 524808 0 186616
" 5645 520398 0 193198
iz 5645 515088 0 207087
. 5645 511578 0 215575
i 5645 507168 0 215823
s 5645 502758 0 216071

ross Section Yiew E

Croz=z-Section Analysis

Cross Section View
il

The followings are the explanations about main functions in each part.
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[Analyzer]

The name of the entire window.

[Menu Bar & Tool Bar]
Bars for the operation to input and save the file, and for the operation to align and close the

sub-windows

[Image View]
Windows to visualize an input data as a 2D or 3D image. We can change the point and the size
of view by the mouse and keyboard operations. In the windows we can set a cut plane by the
mouse operation. The cross section is displayed on the Cross Section View. As we can see, we

can display multiple windows of the Image View simultaneously and align them in parallel.

[ Cross Section View])

Window to display the cross section that is specified in an Image View.

[Data View]

Window to display the data content as the tabulated text format.

3 Start up and quit Analyzer-module

[start up)

W SPM Simulator Ver 20120511

v

_Aﬂalyzer Il
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b4 Analyzer L ax

1. Select “Menu Bar” in the main GUI = [Tool] = [Analyzer]

A window for Analyzer-module is started up by the above operation.

[Quit]
mI=N Window ool
i’ Open. Ctr+0
Recent Files 4
B Save As
& Export Image

1. Select “Menu Bar” in the Analyzer-module = [File] = [Exit]

The Analyzer-module quits and the window is closed, though the main GUI does not quit by this

operation.

4 File manipulations

In the Analyzer-module, we can input not only image data measured by various SPMs, but also

result data from our SPM Simulator, image data captured from scientific paper, and other ones. Also,

we can convert the input data to another format and save it. Moreover, this module has a function
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to capture the visualization on Image View as to a picture file. In this section, we explain how to

operate to input and save the data file, and to capture the visualization.

I Input the data file

[Input via the file dialog]

Open File
7 MDD | O cace0s ~| o B~
_E“e Window 5 [E|CA0_on_Silicon_stnass, cuke
@Ce\listnasc cube
, Oien Ctrl+0O BB 7l |E]DNA stpasc cube
e k‘ @ %GD 411 0 stpasc.cuke
H » - B Hard_disk_stpasc.cube
Re ent FIIES F AR [B]SH CITO! stpasc.cube
=/
2 Export Image e Hzmh
Exit 2 IP1-B
<
21 Fybo-1

= BA(0)
hd Fputll

Tr B |GD Id1_1_0.stpasc.cube

77D IEEET |2D Datal* cube * bmp ¥ jog * jpeg * png * tif)
Al ﬂles(? *Y

be ¥ bp o jpg X jr
Unisoku DataCk.dat?
Omicron Data(k pard
Gwyddion & WSxh Datalk txt)
SPIP Data(tasc)
Asylum Datal ibw)
=

2% Analyzer
File  Window
vEE

2% Gold_1_1_0_stp.asc.cube

Image View

1. Select “Menu Bar” - [File] > [Open]*.. (Displayed the “Open File” dialog)
2. Choose the file you want to open = push [Open]

41 We can also perform this operation by clicking the “Open” icon on the “Tool Bar”.
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In the Analyzer-module, we can open the picture files of the general format (jpeg, bmp, png, tif),
the Cube-like format (the output format of this SPM Simulator), and the files of the format adopted
by the SPM hardwares and the analyzation softwares (Unisoku, Omicron, Gwyddion, WSxM, SPIP,
Asylum, Surf). After the data file chosen on the dialog is loaded without error, the Image View

window is emerged. On the window, a 2D-image*?> generated from the data file is displayed.

[Input from the “Recent Files” menu])

m Window

Uren +()

Recent Files »

-GS P*\n/ testdata/SPIP/case05/Gold 1 1 _0_stpasc.cuke

o - 2 C:/SHM/ testdata/SPIP/ case04/m1 8 _ori_thl.asc.cube
B Export Image 3 C:./SPM/testdata/SPIP/ case05/Cell_stpasc.cube
; 4 C:/SPM/testdata/SPIP/ case05/Hard_disk_stpasc.cube
Exit 5 C/SPM/testdata/SPIP/ case05/DNA_stpasc.cube

6 C:./SPM/testdata/SPIP/ case05/SI1 CITO1 _stpasc.cube

7 C/SPM/testdata/SPIP/ case05/C60_on_Silicon_stpasc.cube
8 C./SPM/testdata/SPIP/ case03/m1 7 _ori_th0.asc.cube

9 C:/SPM/testdata/SPIP/ case01 /m16_ori_tf0.asc.cube

10 C:/SPM/testdata/SPIP/ case00/ m8_ori_tf0.asc.cube

1. Select “Menu Bar” = [File] = [Recent Files] = a list of data file*® = choose a data file

[Input of a file of the general picture format]

The file of a general picture format such as gif and jpg has information of the brightness, which is
not the information of the tip-height on the SPM measurement. Thus, when we input a file of the
general picture format, we need to specify the correspondence relationship between the value of
the brightness and that of the tip-height. In addition, we need to set the scale of the picture in real

system. In this subsection, we explain how to input such kind of the files.

42 We describe how to change styles of the visualization in the following sections.
43 The maximum number of the files in the list is 10.
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= Open File
Window 1o .
7 MDA [ fpeg ~| eEBEcFE-
’ = + -
-thf s Ctri+O 0003 _5_20100730_1 40011 _265.bmp [ image_result cube
Recent Flles B El0003 520100730 1 40011 296 bmp L.iﬁ]inversefftjesult cuke
B Eaz 071 [Eo003 5_20100730_1 40011 343 bmp Elenna32. jz
- 7= E0003_5_20100730_1 40011 375 bmp Bl lenra32—inte rpolate1 28block jog
3 ey : L E0003_5_20100730_1 40011 _406 brp Bl le nrad2—inte o late 28lanczos. jog
Fa0huT 0003 5_20100730_1 40011 _437 bmp ) e nirafd. bmp
E Exmrt Image \ & ama jng B lennaf4_inte rpolatet . joz
— __j B ONA stp jpg Bl nnafd_inte rpolate. jog
EX. I1 REadvh @fftjesult cube |;:ﬂ\er1r1364—intermlate1 28hlock jpg.
|t - @GD a1 1 Ostpjpg [ J\enna@él*inte rpolatel 28lanczos. jpg
! %ﬂ@o 01 1 0 stp Fft jng Elennat 268 brmp
= BGold 1 1 _0_stp_fft_result cube ] 1B _oiri_t0. g
Rl jJ_FI a @GD 11 _1 0 stp fft_result_inverse_fft_resultcube B ma3_ori tf0.joz joz
[B]Gald 1 _1 0 stp imersa fft_result cube B m3_ori_tf0_1 jog
i - _ & Hard_disk_stp jog @mﬂin ri_tfO_fft_result.cube
S Fybu—h & Hard_disk_stp g inz 6] mB_airi_tFO_inve rse_fft_result cube
En‘_‘ﬂhn hidana. jpg @'] il 6_ori_thO. jpg
b | | 3
=) T [
J7-(JUDFEEET): 2D Datalk cube * bmp * jog * joag * png ¥t} ¥ | Fau )l

Select “Menu Bar” = [File] = [Open]** - Displayed “Open File” dialog
Choose the data file 2 Push [Open]
Displayed “Set scale” dialog = Input the data “Distance between pixels” = Push [OK]

e

Displayed “Set Value Range” dialog = Input the data “value range” = Push [OK]

We can set the pixel size in real system (A) from the “Set scale” dialog. Similarly, we can set the
difference in height in real system (A), which corresponds to the difference of the brightness

between black and white in the picture, from the “Set Value Range” dialog.

I Save the data file

In Analyzer-module, we can save the input data as the file with another name and another format.

4 We can also perform this operation by clicking the “Open” icon on the “Tool Bar”.
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File V_\findow

& Qren.. Ctr+O FETEBAD |0 case0s =l of B~
Recent FI|ES g - @GﬁO_Um_SiHcDn_stpasc.cute
L ﬂCe\Lstpasc Gube
Bk J71)l 2] DNA_stpasc.cuke
- («u] mage P EGU Id 11 0 stpasc.cube
F ﬁ Hard_disk_stpasc.cube
Exit T2a0bud [B]SHCITO! stpasc cuke
7}
v 2D-View I FEzAub
3D-View L7
34 Jufa-4
Correct tilt .
Show Data 24 Fwho=h
Isoline
z-range Reverse .
| v z-range Normalize D7 LB Gold 1 1 0.stp | | =
Color h DPOMDIEETY  [oube* ouke) =] Fa )l
I P R
B Export Image
Tip Estimation 4
Eliminate Tip Effect

1.a. “Manu Bar” - [File]
b. Right click on “Image View”4> - “Context menu” is displayed.

2. Select [Save As]*® = “Save As” dialog is displayed = input a file name = Push [Save]

I Save the image

We can capture the visualization on Image View as to a picture file.

4> When there are the Image View windows on the module, we need to right click on the window
displayed the data that we want to save.
46 We can also perform this operation by clicking the “Save” icon on the “Tool Bar”.
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Z0 Window o Export Image 22X

¢’ Open. Ctr+0 BESHBHD: |5 cace0s =] o B~
Recent Files 4 .
Sa fc. B (i D71 )b
F"‘T
@
Exit FADhyd
57
v 2D-View I EE2Avb
3D-View L
7 Tx2-A
Correct tilt ..
Show Data 24 Fabo-n
Isoline [z
z-range Reverse
v z-range Normalize prEgIEC N [T | B
Colar » TP LDEED:  [IPEG]* jo) | Fovtzll
- e t »

| Export Ima_ge
Save As..

Tip Estimation 4
Eliminate Tip Effect

1.a. Select “Manu Bar” - [File]
b. Right click on “Image View” = “Context menu” is displayed.
2. Select [Export Image]*” > “Export Image” dialog is displayed = input a file name = Push

[Save]

5 Fourier analyses and high-resolutionizing of images

We can do image-processing by the Fourier analysis and high-resolutionizing of images by the

Lanczos interpolation algorithm.

I Fourier analysis of an image

[Draw data)

47 We can also perform this operation by clicking the “Export Image” icon on the “Tool Bar”.
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2% Analyzer — [Skin3.sur] EgERA Bt -1 2% Skin3

3D-View
Correct tilt B
Show Data '
----- a
soline Oar‘tesian

z-range Reverse
v z-range Normalize
Color »

Fourier

Nl fimmn
N

Image Processing

Tip Estimation
Eliminate Tip Effect

<) [256 x 256

S| Cartesian ' Power Spectrum
'S

TS E :

1. Right click on “Image View” = “Context menu” is displayed = Select [Image Processing] 2>
“Image Processing View” is displayed

2. Select “Cartesian”/“Fourier”/“Power Spectrum” from “Mode Combo Box” on “Tool Bar”
We can switch the displayed content by using the “Mode Combo Box” among “Cartesian”
(real-space image), “Fourier” (Fourier-space image“8), “Power Spectrum” (plotting of the power

spectrum®?).

[Image-processing])

48 The scale of the Fourier-space image is logarithmic one.
4% The power Spectrum is plotted on the log-log axes.
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Cartesian v|| 512 X 512

Cartesian Power Spectrum

We can change the slope of the power spectrum by moving the handle of the “Slider Bar”. As we
move the handle, both the real and the Fourier space images change. When we move the handle to

left (right), we obtain the image on which the low (high) frequency component is emphasized.
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When we push the [Reset] button, the handle is set to the origin and we obtain the original image.

[ Correction of the tone)

Jr o N | | 256 X 256

rect

1. Right click on “Image Processing View” > “Context menu” is displayed = Select [Tone

Correction]

The menu [Tone Correction] is a toggle-button. Thus, we can change the on and off of the tone

correction by clicking the button one by one.

[Export to Analyzer-module]

Tone Correction

o Analyzer |
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1. Right click on “Image Processing View” = “Context menu” is displayed = Select [Export to

Analyzer]

By this operation, we can export the image on the “Image Processing View” window to the image

on the “Image View” in Analyzer-module. The data is automatically saved as the file of the Cube-like

format.

I High-resolutionize of an image

—— - Picture size

o
Up Resolution / Down Resolution Button

h.

- ITX
+ |Cartesian = Picture size

High-resolutionized image

1.  Push [Up Resolution / Down Resolution] on “Tool Bar”

By pushing [Up Resolution / Down Resolution] button, we can increase / decrease the resolution of
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the image®°. The size of the image is displayed in the textbox on the right of “Tool Bar”.

6 Neural-net simulator

The neural-net simulator learns the relation between two inter-related image data, such as the
original and observed data, and the low and high resolution data. For example, consider that we
force the simulator to learn the relation between the known standard sample structure data
(trainer data) and the tip-height data measured by a SPM (input data). In this case, we consider that
the network learns the effect of the tip shape to the measured SPM image data. After the learning,
when we input the image data measured by the tip same as above to the network, we can obtain

the image data from which the effect of the tip-shape is removed.

Neuralnet Simulator

¥ Neuralnet simulator CEX

File Display

@ % runnm Gheck Tril

Observed l% Training D= & %

Image=0 /S PN/ ne uraldata/SPM/ collage n_pyt5_pyr22. cube

Qriginal Image=C:/SPM/ ne uraldata/SPM/ collage n_pyvr5. cubke

image 1 * image 2

Learning the relation
Hedvimage 1 and 2

Measuremen ]
Sample Tip SPM Image

t

Learning Known structure data H Neural net H Known sample data

Estimation Arbitrary SPM image H Neural net H Estimated sample

50 We use the interpolation of the Lanczos filter algorithm.
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I Start up the Neural-net Simulator

5S4
s« Analyzer

File  Window | BIEls!

2% Neuralnet simulator
File Display
i@ % P n W Check Trial
|

1. Select as follows on the Analyzer-module: “Menu Bar” = [Tool] = [Neuralnet Simulator]

I Settings of the data to learn
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B Select observed images

;:" Neuralnet simulator Tr N ERID: [CsPM = £f B3
r @cu\\ag&ﬂ_cwr&ct Gube @DNA_DDrth.cute @hsi
: & collagen geo_result cuke ] DNA_mvr3. cuke & hsi
B 1EEI71)0 (] collagen_pyr3.cuke ] DNA_pyra[ 1 oube ] ime
= &] oo llagen_pyrS.cube &) DNA_pyi5. cuke 2] ime
L ) 22 cube &) DNA_pyrS [ ] cuke 8] pin
Fahhud 2] collagen_pyi5_pyr22 [P cube @DNA_wﬁ_wmz cubs Epin
\ E| pin
7 . . [&]pin
o iaaun || Select observed images dialog Bl
e
.‘j \j TR T ﬁu.u T ﬁliu
> &|das7_correct.cuke ] DNA_pyrt cube ] tip.
il j’fl 2 &) clasT_pyrd.cube &) hsi_correct cube &) tip,
\E]das?ipyrf) cubke \E‘]hsiimfﬁ cube \g]tip,
: B]das7_pyr! 0.cube B hsi_pyr5. cube [&]tip,
= Fabn-n B das7_pyr! 5.cube [B] hei_pyr 0.0ube
Bl elas7_pyr22.cuke B hei_pyrt 5.cubke
S5 | >
EEEOIE |collagan_pyiS_pyr22 cube | BAC(D)
T7LOIESDY:  [Datals cube * bmp * jog * g *png * tif B Ry :

Select original images

PN [SsPu =] ef B~
E &) collagen_corre ot cuke [B]DNA_correct.ouke &) hsi
N : &) collagen_sg=o_result.cuke [B]DNA 3. cube &) hei
BB 77 )b | @] oo lagen_pyr3.cube [E)DNA_pyrat 1 cube [E]ime
@ 2] callagen_py5.cube [B]DNA_pyrS5.cuke iz
B collagen_pwS_mi22. cube B DMA_pyrS T T oube | pin
Fabhud &) collagen_prS_pur22[1] cube ] DNA_pi5_pyr22 cube ] pin
\ Ecu\\ag&n_pyrs_pyr’ﬂﬁ 10 lcuke MDNA_pyrS_pyl’ZZD]cube B | pin
=) 2] ool &] pin
4 D &) calla . - - ] pin
A BE2AVE
i sl Select original images dialog R
&) colla &) tip,
= _n  [Eldas7 omeTrome =TT &) tip,
il ]/__‘f‘ol A E]das?_pyﬂi cube \ﬂhsi_cnr’r&ct cube E]tip_
@das?_pyrs.:ube \ﬁ]hsi_pyl@ cube \ﬁ]tip_
= [Bldas7_mvri Douke &) hsi_pwr5. cube [&]tin,
A RTD a7 oyt 5 cute & hsi_pyr! O cute
&) dasT_pyr22 cube [E] hsi_pyr15.cube
<4 | 5
TP LEN 5 =l e
TP LOELETY  [Datalr cube * bmp * jog * jpe g * png * tif) -] p—

Training Data Set window

2% Neuralnet simulator

File Display
(ZAR S T | Check Trial

Observed [mags=C-/EPW/ ne uraldata/SPM/ collagan_ayr5_pyr22.cube
Original Image=C/S P/ neuraldata/s Ph/ collagen_ w5, clke|

Training Data Set B x

input image —

trainer image —

1. Operate as follows on the Neural-net Simulator: “Menu Bar” = [File] = [Open]®! = choose

51 We can also perform this operation by clicking the “Open” icon on the “Tool Bar”.
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the input data on “Select observed images” dialog = [Open]

2. Choose the trainer data on “Select original images” dialog = [Open]

The data to learn are set to the neural-net simulator by the above operation. We can set multiple
input/trainer data though the number of the data must be equal each other. The images of the data
are displayed on the right of the simulator window (upper: the input image, lower: the trainer

image). When we set the multiple data, only one pair of the image is displayed.

I Start up, quit, and pause the learning

[Start up)

File Display

Start

4% Neuralnet simulator Q@@

Display
wirnm Check Trial
o T T ST TIa TS T S TS T B T TSI =
ME ketween original and reconstructed image=0.0517641 4| Training D+ & x

timer_counter=494 ||

MSE between arigingl and reconstructed image=0.01 30565 o
ME between original and reconstructed inags=00617312 —

timer_counter=495
MSE between original and reconstructed image=0.01 3058
ME ketween original and reconstructed image=00517186

timer_counter=496
MSE between ariginal and reconstrusted image=0.01 30665
ME between original and reconstructed image=00517263

o
e

timer_counter=487 e

MSE between original and reconstructed imags=0.01 3074 -

ME ketween original and reconstructed image=00517341

timer_counter=498
MSE between original and reconstructed image=0.013
ME between original and reconstructed image=0.05172) LOg View

1.  Select “Tool Bar” = [Start]

When we push the [Start] button, the learning by the neural-net simulator starts. The message

from the simulator is displayed on the Log View window.

[Quit/Pause]
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(=)

isplay

‘/
v
pal

Error View

v Training Data Set
Input Image
Reconstructed Image

Lifference Image |

B e B o v |

1. Select “Tool Bar” - [Stop/ Pause]
2. Select “Menu Bar” - [Display] = [Error View]

When we start the learning, the [Start] button cannot become unavailable and the [Stop] and
[Pause] buttons become available. If we push the [Stop] button, the learning process stops and the
learning is initialized. If we push the [Pause] button, we can pause on the learning process. When
we want to restart, we push the [Start] button. On pausing we can check the time dependence of
the mean square error (MSE) between the output data from the neural-net and the trainer data

from the “Error View”. The value of the MSE in each time also shows on the “Log View”.

I Save and load the result of learning

[save]
When the neural-net learning stops, we can save the result of the learning at that time>2. In this

subsection, we explain how to save this result.

52 |f we push the [Stop] button at this time, the learning is initialized. Thus, we need to save the
result of the learning before we push the [Stop] button.
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Bave Weight File

RETHBFRD

BTz I7A

Display 3

FADkyT
o,

7
24 KFaAvh

B
2 3)_/51*’51

9

21 Zybo-h

ool o iy o

Saw-k‘t/'\!e ight File

[&demn =l

& cf B

o trainingset.dat

Save Weight File dialog

7 B weight dat|

£

|

|

1. Operate as follows: “Menu Bar” = [File] = [Save Weight File] > “Save Weight File” dialog is

displayed

2. Input a file name to save = Push [Save]

[Load]

The neural-network can load the saved result file of the learning. In doing so, we can reproduce the

condition of the learning when the file is saved.

Load Weight File 21X
I NDIBFFD: [ dermo ~| cf @
4 o trainingset dat
iahwe ght dat
f BEE TP
Display @
Ctrl+C Ay
$ J
Load Weight File ki 3;’“
—
ave VIeIEl = 34 TvEa-h
i 2T Load Weight File dialog
I ED weignt o]+ jl (O
D7 LDRERRD:  [weight files( xdat) | itz

1. Operate as follows: “Menu Bar” - [File] 2 [Load Weight File] 2> “Load Weight File” dialog is

displayed
2. Input a file name to load = Push [Open]

I Check the result of the learning / trial to another input data
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[Check of the result]

I

> 1 m Trial

Input Image Reconstructed Image Difference Image

ageml tugnl sisml batoutenoosd sﬁ;sml aongnottid

A

-

il

1. Select “Tool Bar” = [Check] = ”Input Image/Reconstructed Image/Difference Image”

When the neural-net learning stops, we can check the result of the learning visually. When we push

the [Check] button on the Tool Bar, the images of the input and result (reconstructed) data are

displayed. Also, the difference image between the result data and the trainer data is displayed.

[Trial to another input data]
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21X

Open File

J7 LD BFRD: [ 5P =] o B
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. e ] collagem_geo_resul Open Flle dla|0g [E)hsi
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= &) collage n_pyr5. cube [&] DNA_pyr5. cube & irme
[Ellcollz, Suke &) DA pyrS [ 1 cube & pin
FakyT &) collagen_pyrs_myr22) &) DA pyr5_pyr?2. cube [&] pin
N ] collagsn_pi5_pyr2?] 1828 CUBE I Il 5_pyr22[1 1oube [&]pin

1 0cube @] pin

cd %Dullagen_pyﬁOcuhE 5;@5&% 2012/04/16 1228 B
y - & collagen_pyrl 5.cubke B X0 120 KB M 5. cuke & | pin
A %i:uul\ [&] collagen mr22. cube DN Rur22. ke ] Re
g [&) callager_oyr22[1 Louke &) DMA_ 221 T cuke [t
> 1A &) das7_correct.cube [&] DMA_pyrat cuke ] tip
°- 5] das7_pyr3.cube &) hsi_correct. cube B tip |
h,’] &) das7_pyr5.cube &) hsi_pyr3.cube ] tip
5 &) das7_pyrt 0.cube ] hei_pyr5. cube [&]tip
A AT -D 8 gae? ot 5. cube |2) he_pyrt 0. cuke
[B)das7_pyre2. cube &) hsipyrt 5. cube

<

|
DA ILBOD: callagen_pyrs_pyr22 oute _-l

D7/ DFEFED):  [DataC cube * bmp * jog * jeeg * png *.if)

Reconstructed Image

Reconstructed Image K 3]

1. Select “Tool Bar” - [Trial] 2 “Open File” dialog is displayed
2. Input a file name of data for trial & Push [Open] = “Input Image/Reconstructed

Image/Difference Image”

When the learning is finished, we can check the neural-network by using new data that is different
from the input one. We can input the new data from the “Open File” dialog that is displayed by
selecting the [Trial] button on the “Tool Bar”. Then, the new data is inputted to the network at this

time and its reconstructed image is displayed.

I Show/Hide of the window, erase the Log View data
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Difference Image

Error View

[Show/hide of the window]
1. Select “Menu Bar” - [Display] = [Training Data Set / Input Image / Reconstructed Image /

Difference Image / Error View]
When we want to show/hide a window, we check its title in the [Display] menu. Each [Training Data
Set / Input Image / Reconstructed Image / Difference Image / Error View] buttons are the toggle

ones. By repeating the click, we can switch the display / non-display of the window corresponding

to the button.

[Erase the Log View data]
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is" Neuralnet simulator

n . Gheck Trial

TR BT TS GO RS OD e T T Ee =0 O T e

ME betwaen arigiral and reconstructed image=0.051 7641 A | Training D & x

1 41
Cleal’ iginal and reconstructed image=001 30565
inal and reconstructed image=00517312

timer_counter=485
MSE between ariginal and reconstructed image=001 3059
ME between original and reconstructed image=0.0517186

timer_counter=496
MSE between original and reconstructed image=0.01 30665
ME between original and reconstructed image=0051 7263

timer_counter=437
MSE between original and reconstructed image=0.013074
ME ketween ariginal and reconstructed image=0.0517341

timer_counter=498
MSE between original and reconstructed image
ME kbetween ariginal and reconstructed image=l Log VleW

%ﬁ Neuralnet simulator K

FEilz  Display

W >0 [ oo J ]

Training D= & x

1. Select “Tool Bar” = [Clear]

The [Clear] button on the “Tool Bar” makes the “Log View” cleared.

7 Estimation of tip shape / Removal of tip-shape influence

We can estimate the tip shape using only the measured data. Moreover, we can reproduce the

image on which the effect of the tip shape is removed from the measured data.
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I Estimation of the tip shape

;f Analyzer — [test—p;ttern—m_cube] Q@
- 8 x

i3] File  Window

g BB v 2D-View
30-View
Correct tilt
Show Data
Isoline

z—range Reverse
- v z-range Normalize
Color 4

2 Export Image
bl [ Save As

Tip Estimation A

Iminate 1 Ip el

¥:‘L Analyzer — [tip_result cube] EE
-8 x

{%1 File  Window

2% Tip Nx @@

i 7]
|

Ok II[ Cancel ]

2% Tip Ny : PIX

7]
I OK m Cancel l

?.ﬁ Parameter @@

[ 7]
I Ok II[ Cancel l

A W e

After loading a measured data on the “Image View” window, we select the [Tip Estimation] in the
context menu. Next, input the tip region as the numbers of pixels parallel to the x and y-axis from
“Tip Nx” and “Tip Ny” dialogs, respectively. Finally, input the tolerance of the tip size from

“Parameter” dialog. The range of the tolerance is from 0.0 to 1.0. Since we cannot choose one
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Right click on “Image View” = Context menu is displayed - Select [Tip Estimation]
Input the number of pixels in x-axis direction from “Tip Nx” dialog = Push [OK]
Input the number of pixels in y-axis direction from “Tip Ny” dialog = Push [OK]

Input the tolerance of the tip size from “Parameter” dialog = Push [OK]




result from infinite candidates of the estimated tip shape only in our tip estimation algorithm, we
use the value of this parameter to obtain the result. When we set the value 0.0 (1.0), the largest
(smallest) size of tip is selected. Data of this estimated tip shape is automatically saved as the file
‘tip_result.cube’ in the same directory as the measured data. Moreover, the image of the shape is

displayed on a new “Image View” window.

I Removal of the effect of the tip shape

;f Analyzer — [test-—pattern—21.cubel
151 File  Window

BB

v 2D-View
3D-View
Correct tilt
Show Data

Isoline
z-range Reverse

v z-range Normalize
Color »

Export Image

fomn

Eliminate T Effect I

Select Tip @
TP ERRD: [ 5P v eBEE
N ([Dtestdata

B a7

i
FADh T
7]
I FEAE
»!‘
31 -4
«) B

=
I F9h0-h

71 A tp resutt. oube I B0

|
F71 DT Al Flles () | FeAzl

=2
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1. Right click on “Image View” window > Context menu is displayed = Select [Eliminate Tip
Effect]
2. Input a file name of the tip data from “Select Tip” dialog = Push [OK]

After loading a measured data on the “Image View” window, we select the [Tip Estimation] in the
context menu. Next, we select a tip data. Then, the data obtained by removing the influence of the
tip from the measured data is automatically saved as the file ‘image_eliminated_tip_effect.cube’ in
the same directory as the measured data. Moreover, the image of the data is displayed on a new

“Image View” window.

8 Visualization setting

I How to change among various visualization modes

[Change between 2D and 3D view])

We explain how to change from the 2D-view to the 3D-view. The operation from ‘3D’ to ‘2D’ is in

the same way.
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forward.txt.cubel

v Correct tilt
Show Data

Isoline
z—range Reverse

v z-range MNormalize
Color ’

& Export Image
) Sawve As.

Tip Estimation 4
Eliminate Tip Effect

1. Right click on “Image View” = Context menu is displayed = Select [3D-View]

[ Display the cross section]
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* txt cubel

CEX

e
Perspective

Izoline

z—range Rewverse

v z—range Mormalize
Color 4
Lighting

Display—T

G §

Save As

Tip Estimation
Eliminate Tip Effect

1a. To set the starting point, double click on “Image View”

1b. To set the end point, double click on “Image View”

2a. Right click on “Image View” = Context menu is displayed = Select [3D-View]

2b. Right click on “Image View” = Context menu is displayed = [Cross-Section] = [Clipping]

We can set starting and end points only when the “Image View” is in the 2D-view mode. After we
set the end point, the “Cross Section View” is automatically displayed and the graph of the cross
section is shown. When we change the view mode to the ‘3D’ and choose the [Clipping] menu on
the “Context menu”, we can see the cross section on the 3D-view mode. If we want to see the
ordinary 3D image, we choose the [Clipping] menu again. When we choose the [Clear] menu, the

position data of the starting and end points is cleared.

[Reversal of the color bar direction]
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£OX

2D-View
3D-View

Correct tilt
Show Data

z—-range Reverse
z—range Normalize

Color ’

Export Image
Save As.

fam

Tip Estimation »

Eliminate Tip Effect

1.

Right click on “Image View” = Context menu

[Normalization of the z-coordinate value)

2D-View
v 3D-View
v Correct tilt

Show Data

) * Zoom All
Top (X-Y)
Front {Y-2)
Side (X-2)
Perspective

Isoline

z—range Noknalize

Lighting
Display-Type

B Export Image

B

;_3‘ Save As..

Tip Estimation
Eliminate Tip Effect

is displayed = Push [z-range Reverse]>3

»

»

1. Right click on “Image View” > Context Menu

53 The [z-range Reverse] button is a toggle one. B

of the color bar.

5 The [z-range Normalize] button is a toggle one.
normalization/denormalization.

is displayed = [z-range Normalize]>*

y repeating the click, we can switch the direction

By repeating the click, we can switch the
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When the difference in height is too small compared to the sizes of the width and depth, the
visualization on the 3D-view is like a plane. In this situation, we can display the data with an

emphasis of the difference in height by normalizing the values of the z-component.

[Set color for visualization]

2D-View

v 3D-View
Correct tilt
Show Data

* Zoom All
Top (X-Y)
Front (Y-2)
Side (=20

v Perspective

Isoline
z-range Reverse

e
Manoamme
Lighting Grada k. n
Display—Tvpe * | v Rainkow

B Export Image
[ save As.

Tip Estimation 4
Eliminate Tip Effect

1. Right click on “Image View” = Context menu is displayed

2. Select [Color] = [Monocrome / Gradation / Rainbow]

[Lighting)
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2D-View
v 3D-View

v Correct tilt
Show Data

*Q Zoom All
Top =Y
Front {Y-2)
Side (X-2)
Perspective

Isoline
z—range Reverse

v z-range Normalize
Color »

= Export Image

) Save As.

Tip Estimation »
Eliminate Tip Effect

1. Right click on “Image View” = Context menu is displayed = Select [Lighting]>®

We can do this operation only when the view mode is the 3D-view.

[Isoline]

55 The [Lighting] button is a toggle one. By repeating the click, we can switch the presence/absence
of the lighting.
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2% Analyzer — [C60_on_Silicon.txt_incli_correc.cubel 2D-View
File  Window

v 3D-View

Correct tilt
Show Data

* Zoom All
Top (X=Y)
Front {Y-2)
Side (X-2)

v Perspective

z—range Revegg

v z-range MNormalize

Color 4
Lighting
Display-Tvpe 4

& Export Image
) Save As.

Tip Estimation 4
Eliminate Tip Effect

2% Analyzer — [C60_on_Silicon.txt_incli_correc.cubel

1. Right click on “Image View” = Context menu is displayed = Select [Isoline]>®

[Surface display type]

6 The [Isoline] button is a toggle one. By repeating the click, we can switch the presence/absence
of the isoline.
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2D-View

v 3D-View
Correct tilt
Show Data

*( Zoom All
Top (X=Y)
Front (Y=2)
Side (X-2)

v Perspective

Isoline
z—range Reverse
v z-range Normalize

v Wire*Frame

= Export Image
i Save As.

Tip Estimation >
Eliminate Tip Effect

1.  Rightclick on “Image View” - Context menu is displayed
2. Select [Display-Type] = [Fill / Wire Frame]

We can do this operation only when the view mode is the 3D-view.

I Change viewpoint, zoom all, scaling, and perspective

There are several operations available only when the view mode is the 3D-view.

[change a viewpoint])
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2D-View

v 3D-View
Correct tilt
Show Data

+
Front (Y—g

Side (X-2)
v Perspective

Isoline
z-range Reverse
v z-range Normalize

Color 4
v Lighting
Display-Type 4

B Export Image
[ save As.

Tip Estimation 4
Eliminate Tip Effect

1. Right click on “Image View” - Context menu is displayed
2. Select [Top/Front/Side]

We can change a viewpoint from Top, Front, and Side, by this operation. By dragging the mouse on
the “Image View” we can change the view angle freely. In order to shift a viewpoint in parallel, we

drag the mouse while holding down the [Shift] key.

[Zoom All]
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2D-View
3D-View

Correct tilt

Front (v=2)
Side (-2)
Perspective

Isoline

z—range Reverse

v z-range Normalize
Color ’

v Lighting

Display-Type 4

B Export Image
E Save As.

Tip Estimation »
Eliminate Tip Effect

1. Right click on “Image View” - Context menu is displayed - Select [Zoom All]

After selecting the [Zoom all] button, scaling and translation are automatically done and all the

components are displayed so as to fit to the “Image View” window.
[Scaling]
1. The mouse wheel = rotate

Scaling can be carried out to an arbitrary magnification by rotating the mouse wheel.

[Perspective)
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2D-View

v 3D-View
Correct tilt
Show Data

*( Zoom All
Top (X=Y)
Front (v=2)

Isoline
z-range Reverse
v z-range Normalize

Color »
v Lighting
Display-Type 4

& Export Image
_;' Save As.

[=p

Tip Estimation 4
Eliminate Tip Effect

1. Rightclick on “Image View” = Context menu is displayed = Select [Perspective]®’

57 The [Perspective] button is a toggle one. By repeating the click, we can switch the perspective

view on and off.
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9 Digital image processing functions

The Analyzer-module provides four functions as the digital image processing tool;

® Binary image generation using a threshold

® Contrast adjustment (gamma correction)

® Edge extraction (Sobel filter processing)

® Noise reduction (median filter processing)
Note that we cannot use any two functions of them at the same time for one image data. For
example, after the edge extraction for one “cube” formatted file, we cannot immediately apply the
contrast adjustment to the result data. When you intend to apply such two or more processing for
one “cube” file, save the result data as another “cube” file after any step of the processing, and

then reopen the new “cube” file to apply the next step of the processing.

The reason why any two functions of the digital image processing cannot be applied to one image
data at the same time is as follows. Typically, the result data may different due to the order of the
processing functions applied to the starting image data. To be briefly, a function A after a function B
is different from a function B after a function A. Therefore, you should be careful about the order of

the processing, and should write down the parameters used at each processing.

I Binary image generation using a threshold

We can obtain the binary image (black-and-white |t e

image) data from a “cube” formatted image data

as follows. ety ¥ o 2D-View
.- 3D-View
Correct tilt
Measurement of lines and their angle
Show Data

Right-click on the image window to open the

Isoline

context menu. After selecting [Black and while] B SRR

Black and white

from the menu, you see a [Threshold] window. o - O i

Edge detection (Sobel filter)
Noise reduction (median filter)

Color

on (D-Click)

Export Image
Save As...

Image Processing

Tip Estimation
Eliminate Tip Effect
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Input the threshold for the binary image generation, from

K7 Threshould -

0.0 to 1.0. The default value is 0.5. Click [OK] to generate

the binary image. 50 =

[ (019 l [ Cancel

The “cube” image data has (x, y, z) values, where z value Threshold

stands for heights. Set the highest z value as 1.0, the 4

lowest z value as 0.0, and the averaged value of z as 0.5. 10

We convert z values into the range [0.0, 1.0] according to 05

the kinked line shown in the right figure. In an image, we

repaint white beyond the threshold, and black otherwise. 0.0 » Height
Nmin Nave Nmax

That is the origin of the word “binary”.

Here is the example. This is the original image
data before the binary image generation.
(Provided by Prof. Hirayama at Tokyo Institute of
Technology, Department of Materials &

Engineering.)
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This is the result of the binary image  This is the result of the binary image

generation with a threshold 4.0. generation with a threshold 6.0.

I Contrast adjustment (gamma correction)

We can utilize the contrast adjustment for a “cube” formatted image data as follows. Right-click on
the image window to open the context menu. After selecting [Contrast adjustment (Gamma

correction)] from the menu, you see a [Gamma] window.

Input the contrast adjustment parameter y from 0.25 to 4.0, [ camma M

where the default value is 1.0. Click [OK] to generate the result

image.

[ 8114 l | Cancel
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Here is the example. This is the original image  This is the result of the contrast adjustment
data before the contrast adjustment, where  with y = 0.33. The image has been improved to
the brightness is wholly too high to distinguish ~ see the small difference in height of the object.
the difference in height.

(The original image data is provided by Prof. Fukui at Surface/Interface Chemistry Group in

Department of Materials Engineering Science, Osaka University.)

I Edge extraction (Sobel filter processing)

We can utilize the edge extraction for a “cube” formatted image data as follows. Right-click on the
image window to open the context menu. After selecting [Edge detection (Sobel filter)] from the
menu, you see the result data.

Here is the example. This is the original image
data before the edge extraction. (Provided by
Prof. Hirayama at Tokyo Institute of Technology,

Department of Materials & Engineering.)
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This is the result of the edge extraction. As you

see, the brightness is wholly dark, so the
contrast adjustment is suitable to improve this
image. Save this image data as a new “cube”

file, and then close the data.

Open the “cube” file saved a moment ago, and
then apply the contrast adjustment with y =

2.0. You see the edges more clearly.

I Noise reduction (median filter processing)

We can utilize the noise reduction for a “cube” formatted image data as follows. Right-click on the

image window to open the context menu. After selecting [Noise reduction (median filter)] from the

menu, you see the result data.
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Here is the example. This is the original image  This is the result of the noise reduction. You
data before the noise reduction, where you see  find the noises in the original image have been
small noises. removed.

(The original image data is provided by Assistant Prof. Hashimoto at Solid-State Quantum Transport

Group, Quantum Condensed Matter Physics, Department of Physics, Tohoku University.)

10 Mesurement of angle among three points I

We can measure an angle among any three points A, B and C on the “Image View”. We obtain not

only the angle ZABC but also the length AB and BC.

3 1110050009_Topography_LEFT.cube |E=Eon <=

W

e d i
b =f

X

(1) Here is the example. We intend to measure the  (2) At first, zoom in the image to magnify
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angle and the lengths of the rhomboidal lattice  the target area. Use the mouse wheel to
surrounded by a green border. (Provided by Prof. = zoom in the image, and the mouse drag to
Hirayama at Tokyo Institute of Technology, @ move the image in parallel.

Department of Materials & Engineering.)

3 1110050009_Topography_LEFT.cube oo ) E Line l ==s g

point-f: (166534, —2061.9)
point-B: (164284, -2048.82)
point-C: (166838, 2037 87)
lenigth of line AB: 26024
lenigth of line BC: 27 7885

! angle ABC: 533687

(3) Next, right-click on the image window to open (4) After that, a window appears and tells
the context menu. After selecting [Measurement of  us the angle ZABC and the length AB and
lines and their angle] from the menu, double click BC.

on the image successively three times to specify

three points A, B and C.

11 Others

I Display the value of data
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;5 Analyzer — [C60_on_Silicon.txt_i... D@g

x

o |E

I3 File  Window
P BE

s
Isoline
z—range Reverse
z—range Maormalize

Color 4

Export Image
Save As..

Tip Estimation L4

Eliminate Tip Effect

1.

KLAng] YlAng] Z[Ang] 3
q —25.8585 -27.3052 8l —34.706%
2 —25.8589 —27.0698 Q —37.3472
3 —25.8589 —26.6345 Q —41.0608
Il —25.8589 —26.5091 Q —38.7756
5 —25.8888 —26 3637 0 —-40.4294
& —25.8888 —26.1283 0 —-37.7184
7 —25.8585 -25.8525 8l —37.0502
8 —25.8585 -25.6575 8l —35.6600
a —25.8585 —25.4221 8l —34.7124
10 —25.8589 —25.16867 Q —35.8465
1 —25.8589 —24.9513 Q —33.6803 .,

Right click on “Image View” - Context menu is displayed = Select [Show Data]

We can see the tabulated numerical data on the “Data View”.

Adjustment of tilt

%:' Analyzer — [m18_ori_tb0.asc.cub. D

i3] File  Window RS

‘t“‘ Analyzer — [m18_ori_tb0.asc.cub... E]
File  Window

g ol
(P B E v 2D-View

3D-View

Corrmet tilt I

Show ‘Data

Isoline

z—range Reverse
v z-range Normalize

Color

Export Image
i) Save As.

Tip Estimation
Eliminate Tip Effect

»

»

»

1.

Right click on “Image View” = Context menu is displayed = Select [Correct tilt]

Align / close Image View

[Tile-type alignment]
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Close
Close All

Cascade

Next
Previous

1 C/SPM/testd

1. Select “Menu Bar” - [Window] - [Tile]

[ Cascade-type alignment]

Close
Close All

Tile
Cascade q

Next
Previous

1 C://SPM/testq

1. Select “Menu Bar” = [Window] = [Cascade]

[Close Image View(s)]
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Tile
Cascade

Next
Previous

1 C:/SPM/testdy

1. Select “Menu Bar” - [Window] = [Close All]

All the Image View windows are closed by this operation.
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Chapter 5

Sample Modeling

In this chapter, we introduce how to use supporting tools for SPM Simulator by which we make a
model of a sample structure. There are two types of tools at present; 1) modeling of thin films and
2) modeling of molecules. Since each tool has a Graphical User Interface (GUI), we can model a

sample structure visually.

1 Modeling of thin films

I Introduction

In the SPM Simulator, the Modeling Tool is included. We can make a model of a thin film with an
idealized surface by using the tool. The output format of the tool is suitable for the input format of
the SPM Simulator. Although the target of the tool is mainly atomic scale structures, the structure
data made by the tool may be used on the simulators for the macroscopic measurements. In the
tool, we can add, move, and delete an arbitrary atom on the model structure. Moreover, the tool
has functions to import a molecular model to another structure model and to make the carbon

nanotube/fullerene structure model. In this section, we describe how to use the Modeling Tool.
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I Modeling

Tool GUI

Modeling Tool Ver.20141017

Modeling Tool Ver 20141017
M enu Ba r HEile  Edit  Window Help
B PTRAL S QLS
Structure Gontroller g X
TOO | Ba r Welcome New Slab Structure Make GNT

Advanced Algorithm and Systems, Co., Ltd.

Start from

Make a new zlab by entering the space zroup,

lattice parameters, and the Miller index

a past data Open a file saved in past,

Structure Controller

Main View

Log Wiew

& x|

Log View

—

Structure Gontroller ®

Structure Gontroller ®

Welcome:

Y

Structure Gontroller ®

New Slab

Structure

Welcome |i Mew Slab || Structure || Make GNT Welcome | Mew Sleb |} Structure || Make GNT
ik Changz
Space Group xlanel  ylane]l 2 [aned
Sub No. Crystal system Std. symbol ooooon | [oooooo | (000000
Charsz  MM3Type Opt
i
Lattice Parameters 000000 0 0 Add
a [ane] b [ane] elanel  alpha [dee] beta [dee] eamma [dee]
ooooo0 | [oooooo | [ooooo0 | [soooooo | [so00000 | [soa00o e S |stodllylsd) el | Charee
Atom Positions
s b
000000 | [oooooo | opeco Clear all
Spec xfa v/ 2/
Miller Tndex Mumber of el Hydrogenation < 3
x vy e x vy e Chemical Formula
o b f o none
Make Surfsce Bond/WM3

Optiohs ta make carbon nanatube

swont V| <mode>: type of GNT

10 <Gl x-campanent of chiral vector
o <Chy»: y-campanent of chiral vector
3 <Heel>: number of unit cell
temptyz [output file] output file name

Make CNT

Options o meks graphens sheet

1412 -G nearest distance [ang]
20 x-length of eraphene [ane]
0 y-length of eraphene [ang]

Make Graphene

“New Slab” Tab

“Structure” Tab

We describe the main function on the Modeling Tool GUI.

[Menu Bar]

Start to make a new model, operate a file such as load and save,

sub-windows.

[Structure Controller])
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Make/edit a model. This editor is composed of the four tab view: the “Welcome” tab displays
the initial message. On the “New Slab” tab, we make a model of a thin film. On the “Structure”
tab, the coordinate data of atoms is displayed, and also we can edit the information of atoms.

On the “Make CNT” tab, we make a model of the carbon nanotube and its derivatives.

[Main View]
Visualize the model on 3D. We can change our point of view by operating the mouse and

keyboard. Also, we can select and move a cluster of atoms in the model.

[Log View]

Display messages from the GUI.

I Start the Modeling Tool

After the SPM Simulator is installed properly, the shortcuts to the Modeling Tool are generated on
your desktop and in your start-menu. Double-click the shortcut so that the GUI of the Tool starts

ups.

How to operate the GUI

We can operate the equipped functions by using the mouse on the “Main View”, such as the
change of the point of view, selecting of an atom we want to edit, and moving and rotating the

selected atom. In this subsection we introduce such kind of mouse operations on the “Main View”.

[Setup before the operation]
At first, open any model by the Modeling Tool. One of the easiest ways is to click the “Make CNT”
button at “Make CNT” tab. A carbon nanotube model is then created and displayed on the “Main

View”.

[Operation modes])
There are five operation modes on “Main View”; such as “View Mode”, “Edit Mode”, “Link Mode”,

“Distance Mode” and “Angle Mode”. Now we use “View Mode”, mainly applied to change the point

8 The entity of the Modeling Tool is mkatmstruct.exe in the installed directory, which is at
"C:/Program Files/SPMSimulator" by default.
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of view. The other modes are introduced later. Click the corresponding icon on the toolbar to
change your operation mode. They are exclusive toggle button so that only one of them can be

toggled.

. " dl
V Mod ﬁ II(}il Angle Mod
iew Mode—> %, ' n?\-a <€—Angle Mode
Edit Mode T Distance Mode

Link Mode

The keyboard shortcut [Ctrl+E] also changes those five modes in a sequential order.

[Type of visualization]

We can change the types of visualization of the structure from “Auto”, “Dot”, “Ball”, “Ball&Stick”,
and “Cartoon” in the “View Option” on the context menu. When we choose the “Auto”, the Tool
automatically determine the suitable type for the structure data. We comment that there are cases
in which the structure is not displayed. When we want to display the structure by the “Ball&Stick”
type, the data of the structure needs to have the information of the bonds between atoms. When

displaying the structure by the “Cartoon”, the format of the data needs to be a special PDB one.

“Dot” “Ball” “Ball&Stick” “Cartoon”

[ Change of the point of view]

We can change the point of view by choosing from “Top”, “Front”, and “Side” in the context
menu. When we want to change the visualization to the perspective one, we are supposed to check
the “Perspective” in the context menu. We can change the scaling of the visualization by rotating
the mouse wheel.

In the “View Mode”, we can also change the visualization by operating the mouse as follows on

the “Main View.

View Mode
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drag Rotate the point of view

Rotate the wheel

Shif Key +

drag Translate the point of view

Ctrl Key + drag

Scaling

Moreover, we can change the visualization by operating the keyboard, too.

Key Operation Action
[T, |, <, —] Translate the point
of view
[Shift]+[1, |] Rotate the point of [Right]
[Shift] + [«, —] view as the right [Left] (__)
[Shift] + [PageUp, PageDown] figure ain
e | “M
[PageDown]
[PageUp]
[Down]
[Ctrl]+[1, |] Scaling
[PageUp], [PageDown]

[Zoom All]
A hand glass icon on the tool bar is used to resize and translate the model in order to store the

model in the whole screen.
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Zoom All

Yiew Mode

This function is effective only when the drawn model consists of two or more atoms and

“Perspective” is switched off.

[Compass])

There is a three-dimensional compass on the bottom right corner, which shows the x-, y- and

z-direction for your eyeshot.

Top G- o
Eront (=Z) n Ly
Side (%-7) 4 Shpw compass

PEI’SDEC“VE Wiew Mode ‘

,t‘ Show Compass

=
X

Off

Wigm Cption *

Click “Show Compass” on the context menu repeatedly, to show or to hide the compass.

[Show supercell]

The model range is shown as a parallelepiped by toggling the parallelepiped icon on the toolbar.
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Click it again to hide the frame.

Not show supercell Show supercell

When you made up a model from the “New Slab” tab with lattice information, you may see a
parallelepiped supercell. On the other hand, when you load a model file without the lattice vectors,

you may see a rectangular solid which just fit the model range.

With lattice information Without lattice information

B wake athin film

In order to model a thin film, we need to obtain the EIfrae

‘Welcome |: Structure Make CGNT

information about the crystal lattice, such as the space | .

. . . Space Group

group, the lattice parameter, the fractional atomic Sub Mo, Crystel system Std. symbol

positions, the Miller index, and the number of cells. |
attice Parameters
a [ane] b [ane] ¢ [ane] alpha [deg] beta [dee] eamma [dee]

These data are basically obtained from academic | e |oomm |iamme | lamms | anosos | lsopsom

Atom Positions

T T
o000 | [onoooo | [onooon

magazines.

Spec x/a wib z/c
[How to model a Si (001) surface]
We explain how to make a new model of a thin film
that imitates a Si (001) surface. When we make a model | . . mbor of ol I
from scratch, we open the “New Slab” tab by clicking UX Uy 12 1X 1y 12 3
the “a new slab” button on the “Welcome” tab. We can

also open the “New Slab” tab by clicking the tab

178



heading directly. We input the information of the crystal lattice on the tab. We can input an
arbitrary string on the “Title” form. When we omit the input, the name of the space group that will
be set below is automatically inputted. We recommend using the 1-byte alphanumeric characters
to input to all the forms.

We set the information of the space group in the second form. When we click the “Spg. No.”
button, the “Space group” window is emerged and the list of the space group is displayed on the
window. We can choose a suitable number of the space group for the thin film. We can also input
the number directly without using the list. Select or input 227 for the fcc silicon, then click OK.

The forms in the third column are for the lattice constants. Although we can input to them
directly, the number of the forms we can input is restricted by the space group number. The units of
the length and the angle are A and degree, respectively. In the case of the fcc silicon, the values for
all the forms are 5.4, 5.4, 5.4, 90.0, 90.0, and 90.0. However, we are sufficient to input the first ‘5.4’
for the reason stated above.

In the next column, we input the type and the fractional coordinates of atoms in the Bravais

lattice. In order to input the atomic element, push “Spec” button to open “Periodic Table” dialog.

Periodic Table

2
He
- = ] ] 7 a | 10
13 || 14 |[ 15 ][ 16 || 17 || 18
&l || Si P S ) G| A
D 23 ) 24 || 28 ([ 26 || 2T || 28 || 29 [ 300 31 || 32 ([ 33 [ 34 ] 35 || 36
i Wl Cr | Mn || Fe || Co || Mi || Gu || £n || Ga || Ge || A= || Se || Br || Kr
A1 | 42 || 43 || 44 || 45 || 46 || 47 |[ 48 || 49 || BO || 51 |[ 52 || 53 || B4
Mo || Mo || T || Fu || Bh || Pd || A |[Cd || I || Sn || Sb || Te I || e
EP= | 72 (| 73| 74| 5| E || TR TR TO|| B0 || &1 |[ &2 | &3 || 54 || &5 || 896
T | Hf |[Ta || W || Re || Os || I Pt || @u || He || TI || Pb || Bi || Pa || At || Fn

g

g_
103

S| 57 || B8 || 89 || 60 || 61 || &2 || 63 || 64 || 65 || 66 || 67 || 68 || 62 || VO || T
fctinoid | B9 || 20| 91 ) 92 || 93 || 94 | 95 || 86 || 97 || 98 | 99 |/ 100 | 107 || 102 || 103
b || Th || Pa i} Mp || Pu || &m || Cm || Bk || ©f || E= || Fm || Md || Mo || Lr

You see a periodic table. When you push a “Si” button, then the dialog is closed and the atomic

=3

e
o]l
B0
4

symbol “Si” is input in the form. As for the fractional coordinates, we input their values to the forms
of the “x/a”, “y/b”, and “z/c”, respectively, and push “Add” button. We need to repeat this
procedure as many as the number of atoms. In case of the fcc silicon, there is a single fractional
coordinate, say 0.0, 0.0, 0.0. We can modify and delete the data for an atom by using the “Modify”
and “Delete” buttons, respectively. Also, we can clear all the data of the list by clicking the “Clear all”
button.

In the last column, we input the information for a surface and a thin film, which is the direction
of the surface, the size of the film, and the hydrogenation of the boundary. We input the direction
by the “Miller index”. The size of the film can be assigned from the “Number of cells” forms, which

generates a supercell with the inputted numbers in each direction of the unit cell. We here specify 0,
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0, 1 at “Miller index” to make Si(001) surface, and 3, 3, 1 at the “Number of cells”.

If all the inputted data are valid to make the model, the structure of the thin film is displayed on
the “Main View” after pushing the “Make Surface” button. The value of the translational vectors is
displayed on the “Log View”. As for the meaning of the value, please read the “Notification to use
on SPM Simulator” subsection.

When the structure is displayed, we can edit the data of each atom in the structure from the
“Structure” tab. The way to edit is described on the following subsection “Edit of model data”. As
for the way to save the data of the generated model, see the following subsection “Saving the

model structure”.

Modeling Tool Ver 20140512

File Edit Window  Help
lw BE e AT
Structure Gontraller
Welcome | New Sib | Structue | Mske CNT
Title: [si001
temp.xyz — Modeling Tool Ver.20140512
Space Group
SubNo.  Grystal system 5. symbol file Edt Mindow belp
207 fi Gubic Fdam e BE| B Q|42
i oot Structure Gontroller & x
alonel  blanel  clanel  alpha [ee] bets [deg] eamma [de] Welcome | Mew Slab | Structure | Make ONT
540000 | 540000 | [F40000 | [G0nooo | [eooouo | [Gonooon Duple 7 Change
Atom Positions xfane]l  ylnel 2 [ane)
w/a /b 2 000000 | [oo0000 | oooooo
i o000 | [mooood | (000000 Clear all Chargz  MM3Type Opt
Wirdn
oo | o o
Spec xfa /b 2/c . Add
si 000000 0A0000  DOCOCD
Log % | Mo Spec  x[mel  ylrel | zlwmel | Edit Charee ~
bl Si 607500 607500 057500 4000
7 Si 742600 742600 202500 4000
3 Si 607500 337500 202500 4000
4 Si 337500 607500 202500 4000
5 Si 337500 237500 067800 4000
é i 742600 -472500 067500 4000
Miller Trdexx Number of Gell Hydrogenation g o P N T 17 ) L
8 g 8 8 p B a Si 057500 -B0700 -DETE0D 4000
T it 1 10 Si 0300 742500 200500 4000
none v 11 Si 06700 -337500 207500 4000
12 Si 200500 -607500 202500 4000 Loe View EJE3
13 Si 207500 -337500 -DTS00 4000
T 18 Si 207500 -472500 D700 4000 <G Meke Surtace %>
15 Si 057500 -472500 -200500 a0m The solver normally startsd
16 Si 057500 -742500 D700 4000 mkatmstruct (last modified on June 11, 2012)
17 Si 472500 -607500 -DSTS00 a0 ||| 72 stoms are esnersted
18 i Q97EN —7a%N -3 MmE ann Translation vector (Arg):
< > vector 5= 1520000 000000 00000
vectorb= 000000 1620000 00000
Chemical Formula [Si 72 (72 atoms) vestor= 000000 000000 540000
Solver normally fiished
Bond/MM3

[How to model a Si (111) surface]
How to make a new Si (111) surface is almost the same as the previous work. Note that “Title” is
now “Si111” and “Miller index” is now “1, 1, 1”. Push “Make Surface” button to make and display

the new model. The value of the translational vectors is displayed on the “Log View”.

If all the inputted data are valid to make the model, the structure of the thin film is displayed on
the “Main View” after pushing the “Make Surface” button. The value of the translational vectors is
displayed on the “Log View”. As for the meaning of the value, please read the “Notification to use

on SPM Simulator” subsection.

[How to model a graphite (0001) surface)
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The information of the graphite crystal is as follows.

Lattice constant 2.464 2464 6.711 90.0 90.0 120.0
Space group 194 (P 63/m mc)

Fractional atom C1 0.00000 0.00000 0.25000
coordinate C2 0.33333 0.66667 0.25000

Although the precise value of the fractional coordinate of one carbon is (1/3, 2/3, 0.25), we
cannot input the value of the numerator/denominator-style. In such a situation, we need to input
the number with the 5 significant figures as above.

In the case of hexagonal and rhombohedral structures, it is possible to use the Miller index which
has 4 numbers (h ki I). Though the four numbers are not independent each other. In the Modeling

Tool, we are supposed to input three numbers: (h k).

I Save the model structure

[Save as a data file]
We can save the displayed structure model as the structure data. First, we select the “Save as” in
the “File” menu on the menu bar. Next, we choose one from the “in XYZ format” (format for the
Quantum Mechanical Simulator), “in Tinker format” (format for the Classical AFM Simulator), and
“in Modeling Project”. When the saving file dialog is opened, please input the file name and save
it. When we save the data as “in Modeling Project”, we need to input the data on the “New Slab”

tab properly.
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Before saving the model data as “in Tinker format”, we have to assign the type of atoms (see page

188) that is necessary to simulate by CG/MD solvers in the SPM simulator.

[Save as a picture file]

We can save the visualization displayed on “Main View” as a picture file. When we select the
“Export Image” in the “File” menu on the menu bar, the “Save Capture” dialog is displayed. We can
input an arbitrary file name and select the format of the picture file from PNG (*.png), Bitmap
(*.bmp), and JPEG (*.jpg).

We can also save as a picture file by right-clicking on the “Main View” and selecting the “Export

Image” on the context menu.

Load of a model data

We can load the existing data and display the model on the GUI. By selecting the “Open” in the

“File” menu on the menu bar, the “Open File” dialog opens.
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o

Modeling project (*mpro)
GIF (*if)

The formats that the Tool can load are xyz (*.xyz), tinker (*.txyz), PDB (*.pdb), Modeling project
(*.mpro), CIF (*.cif) and VASP (*.vasp). Select a file you like from the dialog.

You can also load a prepared file by drag and drop the file icon.

After loading a xyz-, txyz, or pdb-file, the data of the structure is displayed on the “Structure” tab

and visualized on the “Main View”. The interatomic bonds are taken into account contained in txyz-

and pdb-file.

On the other hand, after loading a mpro-, cif- or vasp-file, the information of the crystal structure

is input automatically on “New Slab” tab, so that you may avoid the boring manual input (see page

178).
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A CIF file may have two or more crystal information. When you open such kind of CIF files, the

dialog shown below asks you which data block you would like to use.

Belect a CIF data_block Belect a GIF data_block
e
data hlock name data_block namey |data CPI95 ~ [a] 4
_audit_creation_method = _audit_creation fiy data_100K A
: = : data_126K =
I Aok 0T&T ™ AT ==lir I Ak oTa gagaﬁgﬁ
DL H T s 1A Sl g ndatal
N thl N data 200K
_journal_date_recd electronic o= =" 2 _jnurnal_date_refy data_235K P
_Journal date_accepted  ZZZ2-I -I2 B _ournal_date_adt: data 275K . _
Journal name_full b Cranmn beraph o=, Tiournal_name_figl data 293K -.
Taclin T LIRS -5
_ournal_year 10N _ournal_wear 120
_ournal_volume " Journal_volume 2
_journal_izsue . _ournal_issue ]
_ournal_page_first TN _Journal_page_first LN
_ournal paee_last LK Journal page_last  ILF _
_ournal paper_category T4 _journal_paper_category L
_journal_coeditor_code I5= -1 _Journal_coeditor_code 1 ENITYS
_publ_contact_author_name _publ_contact_author_name
Trn b UEsleras frd b re
: [} [l 1 W l [} 1 1 b7

We can load the data from the files used recently. We select the “Recent Files” in the “File” menu

on the menu bar and choose a file we want to load from the list. The number of files in this list is at
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most 10.

I Import of model data

We can add an existing data to the data of the displayed model. On the condition that a data is
already loaded as a base model on the Tool, we select the “Import” in the “File” menu on the menu
bar and choose the file of which we want to add the data.

The added model is set above the base model so as not to overlap each other. The formats of the
data that can be imported properly are xyz (*.xyz) and tinker (*.txyz).

You can also import a prepared file by drag and drop the file icon while still pressing the [Ctrl]

key.

Quit of the Modeling Tool

To quit the Modeling Tool, select the “Quit” in the “File” menu on the menu bar, or click [X]

button at the upper-right corner.

Modeling Tool Ver 20140512 M=
&= Edit  window  Help

|i. Peww Citrl+M ﬁg:ﬂg r |Z|.p'

i Open Ctrl+0
i Impart

Fecent Files r
[ Save as 2

At that time, if your model data has been edited and not saved yet, the dialog shown below asks

you to save the model or not.

save file

The model has not been saved yet,
"_-. Do wou gave vour changes?

E Save ;[ Discard ][ Cancel ]

Click [Save] button to open the save dialog, then the Tool quits after saving your model data. Click

[Discard] button to quit anyway without saving your model. [Cancel] button does nothing but
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continues the Tool.

You can also quit the Tool without saving your model by the quit-operation while still pressing the

[Shift] key.

I Edit of model data

When we use the “Structure” tab, we can add, edit,

and remove an atom in the model data.

[Add an atom])

When we want to add an atom, we use the “Duplex”
button. First, we select the column of the atom whose
position we consider to the origin from the list in the
“Structure” tab®. Next, we input the coordinates of the
atom we want to add in relative value from the origin.
Finally, we push the “Duplex” button. The added atom is
displayed on the “Main View”. Although the same atom
as the selected one is added, we can change the atom

type by using the “Spec” button.

[Edit an atom]

Structure Gontroller

Wilcome MNew Slab | ¢

Duplex # Chanee
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»

Eand/MIVE

When we want to edit an atom, we use the “Change” button. First, we select the column of the

atom we want to edit from the list. When we input the value of the relative coordinate and push

the “Change” button, the value of the coordinate of the selected atom changes. If another atom

already exists on the destination, we cannot change the value of the coordinate. When we want to

change the type of the selected atom, we push the “Spec” button, choose the type, and click the

“Change” button.

[Delete an atom)

When we want to delete an atom, we use the “Delete” button. After we select the column of the

atom we want to delete from the list, we push the “Delete” button. Instead of the “Delete” button,

9 In order to select the multiple columns, we can use the clicking with the Ctrl-key. In order to
select the region of the columns, we can use the clicking with the Shift-key. When we push the ‘A’
with the Ctrl-key, we can select all the columns. As we explain in the following subsection, we can

select on the “Main View” graphically.
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we can use the Delete-key on the keyboard.

[Selection of an atom to edit]
We can select an atom to edit its data by using the mouse in addition to use the “Structure” tab.
The way to operate is in the following tables, which is separated in the “View Mode” and the “Edit

Mode”.

View Mode
Double click the blank region Unselect all the atoms
Double click an atom object Select/Unselect (toggled)
Edit Mode
Double click the blank region Unselect all the atoms
Click an atom object Select/Unselect (toggled)
Drag from an point on blank region Add the atoms in the specified
region as the selected ones
Drag with Shift-key from an point on blank Unselect the atoms in the
region specified region
Drag with Ctrl-key from an point on blank region | Change the status of either
Select or Unselect for the atoms
in the specified region

By selecting atoms as the above mouse-operations, the corresponding columns in the “Structure”
tab are also selected. In this situation, we can edit their information by the operations stated in the

previous subsections.
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[ Movement and rotation of atoms)
When the atoms are selected in the “Edit Mode”, we can move and rotate them by the mouse

operations. The values of the atom coordinates in the “Structure” tab are modified in conjunction.

In “Edit Mode” and when there are the selected atoms

Drag the selected atoms Translate the atoms

Drag the selected atoms with Shift-key Rotate the atoms

Edit of inter-atomic bond information

In addition to the operation stated in the previous subsection, by using the “Structure” tab, we

can calculate bond information, add hydrogen atoms, and assign the type of atoms.

[Calculation of bond information]

When we push the “Bond” button, the information of the bonds between atoms is calculated
and updated. When we choose the “Ball&Stick” on the “View Option” menu, we can see the
visualization of the bonds. When there are a lot of atoms in the model, it takes too long to

calculate.

[Delete bond information]
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When we push the “Bond delete” button, the information of the bonds between atoms is
deleted. When we edit the structure data with the information, it occasionally takes too long to
process the data. When we encounter such a situation, we recommend deleting the bond

information temporally. After we finish editing the data, we may update the bond information.

[Add hydrogen atoms]
When we push the “Hydrogenate” button, the hydrogen atoms are added to the atoms that have
the inadequate number of the bonds, and the number of the bonds to the atoms becomes suitable

one.

[Assignment of the type of atoms])

When we push the “Bond/MM3” button, the Tool automatically assign the type of all the atoms
in the structure. The information of the type is needed when we use the structure data on the
Classical AFM Simulator. We suppose to use this function like a following flow: (1) load the
xyz-format file on the Tool, (2) assign the type of atoms, (3) save the data as Tinker-format file, and

(4) use the file on the Classical AFM Simulator.

I Link Mode

In “Link Mode”, we can create or destroy atomic bonds between any atoms. Click the “Link Mode”

(* ]
icon @™ to switch to “Link Mode”.

In order to create a bond between atoms A and B, click the atoms successively on the “Main

View”. Clicking atoms sequentially, we can create a sequence of bonds.
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Click the blank region on the “Main View” to unselect all the atoms and to cancel the link

operation.

On the contrary, in order to destroy a bond between atoms A and B, click the atoms successively

on the “Main View” while pressing the [Shift] key. Clicking atoms sequentially while pressing the

[Shift] key, we can destroy a sequence of bonds.

key pressed key pressed

As in “View Mode”, we can change the point of view (rotate, translate and scaling) by operating

the mouse.

I Distance Mode

In “Distance Mode”, we can measure a bond length between any atoms. Click the “Distance
Mode” icon o2 to switch to “Distance Mode”.

In order to measure a bond length between atoms A and B, click the atoms successively on the
“Main View”. Then you see a dashed line between them, and the distance is shown on the “Log

View”.

aniline.xyz — Modeling Tool Yer 20140617
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Click the blank region on the “Main View” to unselect all the atoms and to cancel the

measurement.

As in “View Mode”, we can change the point of view (rotate, translate and scaling) by operating

the mouse.

Angle Mode

In “Angle Mode”, we can measure an angle among any three atoms. Click the “Angle Mode” icon
) to switch to “Angle Mode”.
In order to measure an angle ZABC among three atoms A, B and C, click the atoms successively

on the “Main View”. Then you see a kinked line and an arc among them, and the angle is shown on

the “Log View”.

il 20z - odalng Too Var 20140 Angle Mode JENSET)
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[ Bond ] [ Hydrogenate ]

[ Bord clear ] [ Bond/MM3 ]

Click the blank region on the “Main View” to unselect all the atoms and to cancel the

measurement.

As in “View Mode”, we can change the point of view (rotate, translate and scaling) by operating

the mouse.

191



I Undo and redo the operation

You can undo or redo the various operations on the Modeling Tool. Undo command restores the
information about the model before an editing work (the number of atoms, atomic species,
coordinates, bonds, editing status). You can undo/redo using [Edit] menu on the menu bar, or using

the corresponding keyboard shortcuts:

Function By menu By keyboard
undo Menu bar—=>[Edit]=>[undo] Ctrl+z
redo Menu bar—=>[Edit]>[redo] Ctrl+Y

As soon as undo is executed, the redo command also becomes active.

The list of editing works which are able to be undone or redone is shown below.

1 | Import a model.

Add atoms.

Delete atoms.

Change atoms.

Make bonds.

Clear bonds.

[Hydrogenate] operation.

[Bond/MM3] operation.

O || N|OO| UV |~ |W|N

Translate or rotate atoms by the mouse during the edit mode.

[EY
o

Make a new model by [Make Surface] button on “New Slab” tab.

=
=

Make a new model by [Make CNT] button on “Make CNT” tab.

[EY
N

Load a prepared model while destroying the displayed model, by the use of
[File]=>[Open] or drag&drop.

13 | Import a prepared model to the displayed model, by the use of [File]>[Import] or
Ctrl+drag&drop.

14 | Load a [Recent Files].

The Undo command can be repeated up to 30 times.

The undo/redo history is cleared when the following commands are executed.

1 | Runthe Modeling Tool.

2 | [File]=>[New]. Discard the present model, and reset all settings.

3 | Quit the Modeling Tool.

The so-called clean index is set when the following commands are executed.
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[File]=>[New]. Discard the present model, and reset all settings.

[File]>[Recent Files].
[File]=>[Save as]=2>[in XYZ Format].

[File]>[Save as]=2>[ in Tinker Format].

[Make Surface] button on [New Slab] tab to make a new surface model.

||~ |W|IN|E

[Make CNT] button on [Make CNT] tab to make a new carbon nanotube model.

In all case, the clean index is set when a prepared file is loaded or when a model is saved to a
file.

When you edit a displayed model, then the file name on the title bar will be attached by [*],
which means the present model is not saved yet. If you intend to quit the GUI with [*] on the title
bar, a message dialog appears and asks you to save the model.

On the other hand, once the clean index is set by e.g. saving the model data, the [*] of the file

name on the title bar disappears. Now you can quit the GUI without any dialog.

Tool bar

The toolbar is located at the head of the GUI. The various functions equipped with the GUI are

available by the use of the buttons on the toolbar. The available functions are as follows:
Eile  Edit Window  Help

e BE SR ALL QAL

0/0J0/010]6GJ000DDIBDODD)

Function Alternate command
® Discard the present model, and reset all settings. [File]>[New]
® Discard the present model, and load an existing model. [File]=>[Open]
® Save the present model as *.xyz, *.txyz or *.mpro format. [File]=>[Save as]
® Save the visualization displayed on “Main View” as a picture | [File]->[Export Image]
file.
Undo. [Edit]=>[undo]
®
Redo. [Edit]=>[redo]
®
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Switch to “View Mode”. It is a toggle button.

[Ctrl+E]

@
Switch to “Edit Mode”. It is a toggle button. [Ctrl+E]
Switch to “Link Mode”. It is a toggle button. [Ctrl+E]
®
Switch to “Distance Mode”. It is a toggle button. [Ctrl+E]
Switch to “Angle Mode”. It is a toggle button. [Ctrl+E]

®

Resize and translate the model in order to store the model in

the whole screen.

Show or hide the compass. It is a toggle button.

Context menu

- [Show Compass]

Change the view option.

Context menu

- [View Option]

Show or hide a supercell. It is a toggle button.

I Make carbon nanotube data

In this Tool, we can make carbon nanotubes (CNT) and their derivatives.

[Procedure]
1.
2.
3.
4.

File:

Edit

(v BE =
Structure Gantroller

‘helcome

Open the “Make CNT” tab.
Set the value of parameters.

Push the “Make CNT” button.

The result is displayed on the “Structure” tab and the “Main View”.

temp.xyz — Modeling Tool Wer. 20141017

Window  Help
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1
swent w | 1 <mode>: type of GNT 4
1
10 : <Chx¥: x-component of chiral vector
| #
0 I <Chy> y—component of chiral vector
1
3 | <Neell> number of unit cell
1
temp teyz | [output file output file name 3
1
___________ Make CNT
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[The meaning of parameters]
<mode>: type of CNT:
We can choose one of the four types of CNT listed below:
1. swecnt: Single wall CNT
2. sheet: graphene sheet
3. fuller: fullerene
4

. capped: CNT with caps

<Chx>, <Chy>: x, y-component of chiral vector:
The chiral indices of CNT: (n,m) = (<Chx>, <Chy>)
The size and the helix angle are dependent on the values of the parameters.
The values are integer and 0<|m|<n.
When we choose the mode of “sheet”, “fuller”, and “capped”, the available values of both

n and m are the multiple of 5.

<Ncell>: The number of unit cells in CNT
The length of the unit cell is naturally determined by the value of the chiral indices. The

length of the generated model CNT is <Ncell> times of the length of the unit cell.

[output file]: output file name

File name of output data, which cannot be edit.

[Example]

<mode> = swcnt <mode> = sheet <mode> = fuller <mode> = capped
<Chx> =10 {Chx> =20 Chx> =5 Chx> =5
{Chy> =5 Chy> =120 Chy> =5 {Chy> =5
<Neel 1> = 2 <Neel I> =1 {Neel I> =1 <Necell> =5
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I Make graphene data

We can make single layered graphene sheets.

[Procedure]
1. Open the “Make CNT” tab.

2. Input the options to make a graphene sheet.

3. Push the “Make Graphene” button.

The result is displayed on the “Structure” tab and the

Modeling Tool Ver 20141017
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1
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C-C nearest distance [ang]:

“Main View”.
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The nearest neighbor distance between carbon atoms, which is fixed at 1.412 A by

default.

x-length of graphene [ang]:

Transversal length of graphene sheet. The default value is 20 A.

y-length of graphene [ang]:

Longitudinal length of graphene sheet. The default value is 20 A.

We can make a graphene sheet with any size specified in those options.




20x20A 12x30A 50x 18 A

After that, if necessary, do [Hydrogenate] to add hydrogen atoms, do [Bond/MM3] to assign the

type of atoms and save your model.

Notification to use on SPM Simulator

We can use the structure file generated by the Modeling Tool on the Classical AFM Simulator and

the Quantum Mechanical SPM Simulator. However, it is necessary to note the following points on

use.

It is possible to generate a structure file in which atoms are placed too closely. We cannot
obtain the proper results by the simulations with such a file. When we select a spherical object
on the “Main View” and the entire of the object is not highlighted with yellow, the object can
consist of multiple atom objects, that is, the tool can generate atoms placed too closely. In this
case, we recommend you to check again the value of the input parameters, especially, of the
fractional atom coordinate.

The translation vectors dumped to the “Log View” are calculated from the crystal data and
their value is not for slab calculations. When we use a structure data on the SPM Simulator, we
supposed that you set the length of the so-called ‘c’-vector to be too large (e.g, (0.0 A, 0.0 A,
100.0 A)).

In the files of the Tinker-format, information of the atom types, which describes the states of
the atom, is contained. For example, the carbon atom has different states such as sp3, sp2, and
so on. The Modeling Tool automatically assigns only for the atom types of Si, C, and H. When
you cannot simulate with the files of the Tinker-format, you need to edit the files without
using the Tool.

When you want to a model for tip structure, you can easily generate it by using the corner of
the crystal model. You can generate a stable structure by terminating the entire surface with

hydrogen. We supposed to delete a hydrogen atom on the tip apex if necessary.
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Notification to load a CIF file.

As you probably know, a CIF has occupancy of an atomic site. The occupancy may have a
fractional value (0.0 — 1.0) e.g. in case of the presence of a defect. Unfortunately, the
Modeling Tool does not deal with a fractional occupancy but set it as “1.0”, which means that
an atom fully exists on the specified site. When loading such a kind of CIF file, the log view

tells us some warning as below.

<K Load a file “C:¥sample¥sample.cif” >>>

Now loading ...

Warning: incomplete occupancy 0.3333 for Ow at 0.736 0.368 0.491
Completed to load

Now the crystal structure on “New Slab” tab is shown like this.

Spec %43 wib z/c

£n 050000 000000 000000

W 000000 000000 026250

] [ GEAET 033333 088230

] 015340 030630 02190

] 00000 000000 050000

] 073600 036300 04900 h
H [ GEAET 033333 075000

The log view tells us the fractional coordinate of the atomic site that has a fractional
occupancy. You will see the relevant atom is oxygen as indicated in the figure above. You can

make a model by [Make Surface] button, but the resulted model is obviously invalid.

There are three oxygen atoms very close to each other. The occupancy 0.3333 implies that
one of those three oxygen atoms exists within the yellow circle, and is randomly distributed
when a lot of unit cells are provided.

The Modeling Tool cannot make an appropriate model if there is a fractional occupancy in
CIF file. When you see a warning about the occupancy on the log view, notice that the relevant

model may be questionable.
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2 Molecular Modeling

I Introduction

We introduce how to use ChemSketck and OpenBabel. These are the tools for constructing the

input file of molecular structure. The file made by this method can input to AFM image simulator

for atoms/molecules/nanostructures.

In AFM image simulator for atoms/molecules/nanostructures, in order to simulate the AFM image,

we used MM3 force field parameters developed by Allinger. The following figure shows the

elements supported by MM3
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MM3 distinguish not only atom elements but also chemical environment.

Download ChemSketch

ACD/ChemSketch is free software released by Advanced Chemistry Development Co., Ltd. You have

to register for downloading and using this tool. In this section, we introduce how to download the

software.
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(DFirst, open the web site of URL: http://www.acdlabs.com/resources/freeware/chemsketch/

@Click the icon at the bottom of the page.
®)Click the “Create an Account”.

@Fill in the forms of below figure, and Click the “Register”.

Registration:
User Information
Title:
+
First Name: Last Name:
| i | -
E-Mail: Confirm E-Mail:
| | I
Additional Information
Password: Confirm Password:
| I | ¥
Address 1: Address 2:
City:
Country:
+
|F'Iease select ~
Postal Code/Zip: Province/ State:
| I
Phone: Fax:
Company: Position:
| Il
Areas OF Interest
Areas of Interest: Applications:
O rmar [ coempound Identification
L] Chromatography [1 metasoiite 10
l:l MS I:I Method Dewvelopment
O vvar = Analytical Data Frooessing and Interpretation
[ spmE Predicticn [ knowledge Management
Ll Toxicity Prediction [ medicina Chemistry
= Fhysicochemical Property Frediction [ seftware Automation
l:l Momendature I:I Lead Cptimization
[ chemical Drawing [ Envirenmental Monitering
l:l New Product Info I:I Education
O Preduct Updates = Learning
L] Impurities and Degradants
Pericdic Updates:
[ send me periodic updates on products and special offers
Register

(BReceive the E-mail and make your account.

®0pen the web site of URL: http://www.acdlabs.com/resources/freeware/chemsketch/

@Click the icon at the bottom of the page.
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http://www.acdlabs.com/resources/freeware/chemsketch/
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ST

cOIP A NERTEERFFLETM?

chemzk12exe
A=, 389 MB
. www acdlabs com

=® ) [ GEe | [ Gt

JUIFRHSTSFFA, O e LR T — i —(f
MiENE e, ST SIBT 2R e ST, LTI E
EEEHOERAR

'l’*' A= b7
' LA TR

0Click “Next” button

M ACD/Labs Software Setup Wizard

Copyright & 1994 -2007
Advanced Chemistry
Develapment Inc.

Al Rights Reserved

110 Yoaonge Street,
14th floor,
Toronto, Ontario,
Canada M5C1T4

Toll-Free: (8007 304-3985
Tel: (415) 368-3435
Fa: (416) 368-5595
Fitte: Moy acdlabs com

Welcome to the ACD/Labs Software
Setup Wizard

The Setup 'Wizard will extract ACD/Labs Software distribution
package to your computer and run ingtallation,

It iz ztrongly recommended that you exit all Windows programs
befaore running this Setup wizard. Click Cancel bo quit Setup and
then cloze any programs you have running. Click Mest to continue
with the Setup.

WARMNIMG: Thiz program iz protected by copyright law and
international treaties,

Unauthonized reproduction or digtribution of thiz program, ar anyg
partion of it, may result in severe civil and criminal penalties, and
will be prozecuted to the maxinmum extent poszible under law.

ACD/Labs Software, +12.00, Build: Jun/18/2070

Mewt > ] ’ X Cancel]

(DRead the license agreement, select “I accept the terms in the License Agreement”, and click

the Next button.
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;"-=!- ACD/Labs Software Setup Wizard

End-Uszer Licenze Agreement

Pleaze read the following license agreement carefully

ACD.-"LABS® END USER LICENSE AGREEMENT B

ACD/ChemSketch 12.0 Freeware

THIS END USER. LICENSE AGREEMENT AFPFPLIES TO ACDILARS
LCDICHEMSKETCH 12.0 FREEWARE (THE "SOFTWARE"). THIS IS5 & BINDING
LEGAL AGREEMENT (THIS "AGREEMENT") BETWEEN ADVANCED CHEMISTEY
DEVELOFMIENT, INC., ("ACD/LABS") AND YOU ("LICENSEE"). CAREFULLY

BE&D THE FOLLOWING TERLS AND CONDITIONS. ACTVLARS LICENSES THE
SOFTWARE TO ¥OU ONLY UPON THE CONDITION THAT YOU &CCEPT ALL OF
THE TERIVIS &ND COWDITIONS CONTAIMED IN THIS LICENSE AGEEEMENT. “

(% accept the tarms in the License Agreement

(| do not accept the terms in the License Agreement

Meut » ] [ x Eancel]

AClick “Next” button

:E-=|- ACD/fLabz Software Setup Wizard

Custom Setup of ACD/Labs Software Components

You can add componentz of ACD/Labs Software

To add a component, click the checkbow, To see what's included in a component, click Details.

Components [Tatal Size: 83 Mb) Camponent Size Details...

& hemB azic 26 b
Yiewer Free\w ae 4820¥Kb
ACOY-Lab AddOn B795 kb
ACD/ChemSketch Freew are 44 Mb
ACDAUPAL Mame FregWware Add-On EM0ER

Clear Al

Desciiption:  ACD /ChemBasic allows wou to customize pour ACD/Labs package.

Destination directon: C:“Program Files"ACDFREE12
Space avalable on dizk: 81 Ghb
Total disk space reguired: 83 Mb

.-

Browse. ..

¢ Back I [ et = I ’x Eancel]
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@)Click “Next” button

:'..=!- ACD/Labs Software Setup Wizard

Programs Folder of Start Menu -

Specify Folder where Setup should place software shortcuts

Select Programs folder of Start menu in which pou would like Setup to create software shortcuts,
then click Mest.

Folder:

Exizting folders:

ArcSoft PhotoStudio 5.5
CanoScan LIDE 70

Canon CanoScan LIDE 70 BN
Canon PE=US 9300

Canon PhatoR ecord

Canion Printer Uninstaller

Canon Utilities

Dell Accessones

= b e Z

[

Create icons for all users [ Show Shortcuts

< Back, ] [ Mext > ] [xCancell

@Click “Next” button

:'.-=!- ACD/Labs Software Setup Wizard

ACD/Labs Software Optional Setup b

Specify optional commands to complete setup

Tour AC0 /Labs software iz ready to be installed. However, additional setup is required for
components lisked below. You may chooze to click Mest to install them now or dezelect the
appropriate check box and click Mest ta da it a later time.

Inztall ChemB azic Goodies

< Back, ] [ Mewt » ] [annceI]
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@Click “Install” button

;‘-‘—! ACD/Labs Software Setup Wizard

Ready to Start Installation

Mow the Setup Wizard is ready to begin the Complete inztallation €

Click Install to begin the installation. If pou want to change any of your installation settings, click
Back. Click Cancel to exit the wizard.

Installation Settings: [ Show Details
Customer Information ~
Jzer Mame: ACD/Labs User
Compaty: User Compaty
The software to be installed
ALCD/Labs Software, w1200
Distributive path
CADOCUME~1 takaghLOCALS 14T emphacdstp. 007 WDigk1
Destination path where hiles will be copied
C:\Program Files\ACDFREETZ
Start menu folder where shortcuts will be placed
ACDLABS 120
Components that will be installed
ALCD/3D Viewer FreeWw are w

< Back ] [ Install I [x Eancell

@Click “Finish” button

:E-‘—! ACD/Labs Software Setup Wizard

Completing the ACD/Labs
Software Setup

You have successfully completed ACD/Labz Software Setup

Wizard.
Copryright & 1994 -2007
Advanced Chemistry To apply changes and cloze the wizard click Finigh,
Developtment Inc.
Al Rights Reserved Thark pou for choosing ACD/Labs Software.
110 Yonge Street, '
14th floor,

Tororto, Ortario,
Canada hM3ac 174

[#]i0pen ACD /Labs Software Foldes

Toll-Free: (500} 304-3955
Tel (416) 365-3435
Fa=: (416) 368-53296
Fittg: Sy acdlabs . com

ACD/Labz Software, w1200, Build: Jun/18/2010

(o] (38
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ADClick “ChemSketch”.

| & ACDLABS 12.0 A=)
a

FrfE REE FTN BRCANE =T ALTHH)

Q= - © & Ltz oy |E-

TELALD) |[F) G¥Dacuments and Settings¥All Users¥28— b -1 —¥7 045, $ACDLABS 120 v| f&ah

FrA WETNEOERD | ot § I INSTALL

2 BLOTAILAEERED

6N CO7ILA% Web (ZLFTED o Uninstall J 3D Vifgerh
B COTslERETE nnsta g
...then| ChemBasic KT Chemiketch
ZOM | e -g_@ Z3- bt
KB Fdicaa KB

@ 70454
(0 31 EFk
O AR
3 3 Tk1-h
& 31 Ayko-n

+ GHNMPR Viewer
L3 bhek
2 KB

@®Click “OK” button

AGD{ Labs Products

k@ ACD/Botling Point

® Calculates bofling point, vapor
pressure, enthalpy of vaporization,
and flash point

| visitiebsite.. | | Besister. ||  order. ||  fOK |

Wouldn ™t it be great to type "Viagra'
and inztantly get the structure in ChemSketch?
Mow pozzible in commercial AGDAChemSketch version,
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A9Click “Select All” then click “Yes” button.

File Azzociations (C¥Program Files¥ACDEFREE 12¥ CHEMSE _EXE) ['5_(|

Thiz program iz not your default extenszion handler for the below file types. you can make it
default for opening the selected files.

Available Farmats

[+]windows Hetaﬁles [=.wmf]

Azzaciated with:

Always perfarm check when starting the progran.

Qnselect.ﬁ.ll] [ ¢EES ] ’ @ Mo ] ’ x Cancel ] ’ ? Help

@0Click “OK” button

Tip of the Day

X

g Did pou know that in Structure Mode. ..

You can disable or enahle template shadowing

\1‘3{} -
¢ b

&  the action center &7 | and the highlighting
of hidden atorns by choosing Preferences frarm the

Options menu, and then selecting the required options in
the Structure tah.

[+] Shows Tipz at Startup Hext Tip l[ JDK ]

Finished.

I Download OpenBabel

OpenBabel is free software distributed under the GPL license. This is used to convert the file format
of chemical information. You have to register for downloading and using this tool. In this section,

we introduce how to download the software.
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1
2

5

Open the web site of URL:http://openbabel.org/wiki/Main Page

Click “Download”.

Paze  Discussion

QOpen Babel: The Open Source Chemistry Toalbox

0kfn Rep store data from molecular modeling, chemistry, solid-state materials, biochermistry, or related areas.
Get Open Babel
7
Need Help « Ready—to-use programs, and complete programmer’s toolkit
Capatilities

Read, write and convert over 110 chemical file formats &
Using Open Babel

* Filter and search molecular files using SMARTS and ather methods
Develop with Babel

* Supports molecular modeling, cheminformatics, bininformatics

Get Iwalved
- « Organic chemistry, inoranic chemistry, solid-state materials, nuciear chemistry
. + Downloaded over 164,000 times @ and used by over 40 related projects

Rozat @ « Mre abaut Open Babel

* Open Babel on SourceFarzs &
+ Tools

WWhat links here
Related changes

Download

To support Open Babel, please cite J. Ghemini. 2011, 3:33 &
Special pazes

Click “Download v2.3.2 Installer” under Windows category.

Category:Installation

(Redirected from Get Open Babel)

Dpen Babel is available for Windows, Linux and Macintosh

Windows Linwux

&« OpenBabelGUI & Gompile from source

Provides a eraphical user interface for Open Compile Open Babel:
Babel, as well 3s a corrirand-line interface. This
hat. s looking &
Download v2 3.2 Installer &

Liocurnentation g

Download 2.3.2 stable releass &

] or Get latest development code (today)

How to compile &

How to use ohabel &
¢ Python module & (requires OpenBabelGUI How to develop with Open Babel &

ahowe) Scripting language modules:
Provides access to the Open Babel libraries from Perl &, Python &, Ruby &, Java &, Maono @@

Python. The current version is 1.7.
ar

Click “3E17”.

Read  View source  View history

Create account & Log in

Search Q

Open Babel ks 3 chemical toolbox designed to speak the many langusgss of chemical dsta. It's an open, collsborative project allawing anyone to ssarch, comvert, analyze, or

Offcial User Guide
Open Babel

Ve

OBBase

Online docs @
PDF [
Buy Boak &
Read Paper &

OBMal

Browse the APl

Macintosh

¢ iBabel 7 — *recommended*
A graphical interface to Open Babel
To get the command-line tools you need to choose
one of the following:
¢ Download v2.3.1 Installer &/
*» ChemSpotlisht 2.0 & — Includes Open Babel
for 105 and 10.6
* Fink &
s MacPorts

s Gompile the source code

7 NEEITHEHRFLETM?

B
i L
S

CpenBabel? 3 2a_Windows_Inztaller exe
PRE—3 11T MB
jaist dl sourceforge net

[ ==® || &=

) |

A |

{2 b e NS TS E .
3o BNF, 5
SRS LI LI, TR

ﬁ'T'l"l

bt

ﬂé??’f D

b e R S |
T%ET&EL‘- y=1 S ek 2

Click “£179 %"
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http://openbabel.org/wiki/Main_Page

6

7

Internet Explorer — PXaUs{d=1

#EiTm THHREITE

X

FITEMZ CEF B ATLE, cOUVIMITFERITLETM?

$E1: OpenBabel2 3 2a_Windows_nstaller gxe

[ =73® | ]

D27 D, BT AN CESEIAT UL EEEN T b, (SIRC DI TIIOY
FHoIrOHEITLIESD. F D PO EFRT

Click “Next” button.

# OpenBabel 2.3.2 Setup

Eox

Welcome to the OpenBabel 232
Setup Wizard

This wizard will quide vou through the installation of
OpenBabel 2.3.2.

It is recommended that yvou close all okher applications
befare starting Setup. This will make it possible ko update
relevant system files without having to rebook wour
compuker,

Click. Mext ko conkinue.

l l Cancel

Read the license agreement and click “I Agree”.
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# OpenBabel 2.3.2 Setup

LT License Agreement

d E Flease review the license terms before instaling OpenBabel
. 2.3.2.

Press Page Down to see the rest of the agreement,

GMU GEMERAL PUBLIC LICEMSE
Version 2, June 1991

[l 3

Copyright {C) 1989, 1991 Free Software Foundation, Inc,

51 Franklin 5k, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed,

Preamble

_The licenses for most software are designed to take away your hd

If wou accept the terms of the agreement, click I Agree to continue, ¥ou must accept the
agreemeant ko install OpenBabel 2.3.2,

< Back “ I fgree l [ Cancel

8 Click “Next” button.

S OpenBabel 2 3.2 Setup

FEX

L Choose Install Location

f Choose the Folder in which to install OpenBabel 2.3.2.
i . L ~

Setup will install OpenBabel 2.3.2 in the following Folder, To install in a different Folder, click
Browse and select another Folder, Click Mext bo continue.

Destination Folder

| Browse. .,

Space required: 20.9MB
Space available: 16.5GE

< Back ” Mext = l

[ Zancel

9 Click “Install” button.
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s OpenBabel 2 3.2 Setup

Choose Start Menu Folder

Choose a Start Menu Folder For the OpenBabel 2,3.2 sharkcuts,

Select the Start Menu folder in which wou would like bo create the program's shorbcuts, You
can also enter a name ko create a new Folder,

Absoft Pro Fortran 2013 ~
ACDLABS 12,0

activePDF

ArcSoft PhotoStudio 5.5

Canon CanoScan LIDE 70 %2171
Zanon PhotoRecord

Canon PTAUS 9900

Zanaon Printer Uninstaller

Canon Utilities

CanaoScan LIDE 70

CMake 2.8

|:| Do nat create shortouts

< Back. ” Install l [ Zancel

10 Click “Finish” button.

s OpenBabel 2 3.2 Setup Q|§”g|

Completing the OpenBabel 2.3.2
Setup Wizard

OpenBabel 2.3.2 has been installed on wour computer,

Click. Finish to close this wizard,

Finished.

I Construct the octane by ChemSketch

Now we introduce how to construct chain alkane of octane. (CgHis)

210



1.
2.

3.

Start “ChemSketch”.
Make the carbon chain.

@ select “Structure”.

@ Select C (Carbon) on the left toolbar.

@ Select “Draw Normal” on the top toolbar.

& ACD/ChemSketch (Freeware) — [noname01 sk2]

Dram

Pages  Tools  Templates

mm ‘U ‘WIU
I
)

Options  Documents  Add-Ons  [lab  ACD/Labs  Help
OAEES® VXA QR [ox v [Pal’e FPFE @ 2o @
E R YA .
o 40 a0 B0 70 a0 a0 100 o 120 130 140 150 160 170 180 180 200 210
L |/§\I {FYPPY PRTY FYPYATUTI FRTTT FYUT FRRTT FRURIFRPYN FRTPI FRPEN FRRTY FEVPUTITEY FEVRUFTINY FHPTE FRTLPRPT PPN | | Losduutunl L I @
~
\J g
0

@ Click in an empty space to draw methane CHs. From here, you

keyboard shortcuts Ctrl+Z and Ctrl+Y, respectively.

can undo and redo by

-

® Point to CHs to select it (you will see a rectangle around the methane formula), and then

click it to add a methyl group to it while creating ethane CH3—CHs.

[

C

e

® Repeat to click the right-most carbon atom until the number of carbon atoms reaches

eight.

'HSCC :

C

-

@ An octane molecule has been constructed.

Click “3D Optimization” button. Then H elements are attached to the carbon chain and
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3-dimentional structure is constructed.

o

o R @ & W

€ b @ o=t

T a

Ha

4. Output the model.

@ From the File menu, choose “Save As” to open “Save Document As” dialog.
@ In the dialog box, specify the name and location of the file to which the work should be
placed. In the “Save as type” box, select “MDL Molfiles [V2000] (*.mol)” and click “Save”.

@ The output file will be converted into *.txyz format by the use of the OpenBabel software

(see below).

Much more simple way to create an octane molecule is to use “Draw Chains” tool on the top
toolbar. Hold down SHIFT key and drag right to create a carbon chain and take a look at the carbon

counter (C #) located beside the mouse arrow. Continue the dragging until the counter reaches C 8,

then release the mouse button to finish the chain. That’s all.

¥ ACD/ChemSketch (Freewar.

Fil=  Edit Pages Toolz Template

Structure | Dram ﬂ @ é‘
a9 s O, 4]

CH{/‘\'/‘\/\['\;'

N

]

=

M
T e,

I Construct the Quinine by ChemSketch

We make a kind of alkaloid, (-)-Quinine (C20H24N203) from scratch, whose structure is shown by:

HO.
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1. Start “ChemSketch”.
2. Make a bone structure.
@ select “Structure”.

@ Select a benzene ring on the right toolbar.

BE ACD/ChemSketch (Freeware) — [noname01.sk2]

File  Edit Toolz  Templates  Options  Documents  Add-Ons  I-Lab  AGDAlabs  Help
stucwre Jran (] (1 5 @ & B Vol AR [un v [Pl FEE @ 4008 Ta@

e oy —

[Nt g & A F e+ 708
g | mm | 10 20 30 40 S0 ) 70 &0 a0 100 110 120 130 140 150 160 170 180 190
e TR T DOV NPT TP NPT TPO POV TPON NOVPTTOTN IOV TOPIL VR TPOI (PO TOTOt FOPPETOPOt FOTTTTON DYVO TN POVOTTOTIE ROV IO PO POt IVITTOOt POV TPL IO

.
H 3
N g
o 3
3 i-Pr
F 40
M3 COCH
50
si E COOH
—3 COPh
E &0
3 MO,
E i ; 3 504
&0 3
Br 3 A L . L . P . P PO
3 ; ! v
an ! b "
¥ 3¢ >
= NN | ]I mm— More
ACDILabs RSS Feed: 9 9 00:00 ACD/Labs Announces the Release of ACDNChemAnalytical Workbook 7 3 00:00 ACDYStructure Elucidator Continues to Lead tr - Setup RSS
e*%® Ilzb Login  MONAMED SK2 4] Page 171 (¥ Properties

1-ChemSketch | 2Database 3-ChemCoder

@ Click in an empty space to draw a benzene ring.
@ Click a bond on the right side of the benzene to make a naphthalene structure.

Substitution to a heteroatom is done later.

O 4

(® Select C (Carbon) on the left toolbar and “Draw Normal” on the top toolbar.

K ACD/ChemSketch (Freeware

File Edit Paees Toolz Templates

o 1 3

® Make a carbon chain one by one. To extend a new single C-C bond, drag from a starting

carbon atom to an end carbon position. Substitution to a heteroatom is done later.
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Bl o L H.e
7

N N
ML JRGRPL.

]

3. Replacement of atoms, addition of functional groups, modification of bonds.
(D To replace C (carbon) with N (nitrogen) atom, select N on the left toolbar. Click the carbon

atom site to replace with N.
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To replace C (carbon) with O (oxygen) atom, select O on the left toolbar. Click the carbon

atom site to replace with O.

To add a hydroxyl group, select O on the left toolbar. In the same manner as the bone

structure, we add a hydroxyl group.

- ] -

Make a C=C double bond. Select C on the left toolbar and select “Draw Normal” on the

top toolbar. Click a C-C bond to change it to a C=C double bond.

o | o

(Click a bond repetitively to switches between available bond types: single, double, or

triple.)

Specify a stereo structure. Select “Up Stereo Bonds” on the top toolbar.

B8 ACD/ChemSketch (Freeware) — [noname01 sl

File Edit Pages Tools Templates Options  Docum
Structure | Draw (7] @ == S
L VN a\\s‘ A

Click a bond to draw stereo bonds that are facing towards the viewer.

R

(Click again to change the wedge direction. “Down Stereo Bonds” next to “Up Stereo

Bonds” makes a bond facing away from the viewer.)

Now we have the structure below:
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4. 3D Optimization.
@ Click “3D Optimization” button. Then H elements are attached to the carbon chain and

3-dimentional structure is constructed.

5 HE @ B % a3

’%ﬁ)@&%—’ S

@ We will see a dialog, and then click “No” to keep the stereo structure.

@ Now we have the structure below:

r

B ACD/ChemSket

File  Edit Pages

Structure | Draw

5. Output the model.
@D From the File menu, choose “Save As” to open “Save Document As” dialog.
@ In the dialog box, specify the name and location of the file to which the work should be
placed. In the “Save as type” box, select “MDL Molfiles [V2000] (*.mol)” and click “Save”.
@ The output file will be converted into *.txyz format by the use of the OpenBabel software

(see below).
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I Convert the file format by Open Babel

We have made the MDL mol format file by using “Open Babel”. Now, we introduce how to convert

to txyz format that is available for the simulator.

1. Start “Open Babel GUI”.

2.  Convert the file format from MDL mol to ttxyz.

1) Select “mol — MDL MOL format” from “INPUT FORMAT” box.

INPUT FORMAT -~ - OUTPUT FORMAT

- = B e e
e ,
e

Start ot ot mokecude £ speciferd LI
Ere mpert at el # specified
[ Comtirue with nest object after errcr, # posshie [CJoutout beic ory (no output fie) (] Dieplay in refor.
0 Attermes to trarsiate kaywords
L] Dslate Fyekogars (make moloe)
[ cid hycrogens (make explot)
Acki hychogers appropeiata for ths pH
3 Conwart dativa bands @.g. [N+ (10 =0 to H{=0)=0
I Remove 3 but the argest corbgucus fragment
[ Center Coordnates
) Comtine ks in frst S with others havig Same name

Corwart or f match SMARTS or molsin fl:

ey - METC cat ot

o e,
prmsi — Accekys MET Cerius 1T MET format. Filter: convert only when tests are true:
InwD — NwChem cutout fmnat

b St kT st s o
loutput - Generc Output fle format - Delate propetiss in it

Agpsrd propsrtes o descitoes n ket 10 e

[ 1o 3 nput maksculs o 3 snge outaut macus

[0 Cutput decomected fragments separately
[ ‘a0 or replace a property (SOF)
Ak crrepiacn e bl
Agpend teit to i

[ Cutput mpls conformers sepsratety

0] append output index o tile:
Addtiond fie output

[ Appand ingut ndex to ik

[ ks hycrogen to polsr atoms ol

[0 Careicaive the atom erder
Fil the unit cel (strict or keepconnect )

[0 Generate 20 coordinates

) Generats 20 coorrates

] Gensrata absoas a5 n sharmaiv reprasantation.

Sort by deseipton{ st fox reverss)

iy | remove chpkcates by descrptar

] cetermine chiraity from atom paity fags

) v it ity

L caai ot g )

2) Select “txyz — Tinker MM2 format” from “OUTPUT FORMAT".
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Eie Wew Puers bep
-+ INPUT FORMAT -
i - MOL MO format
Cluuse this famat for # rput fies (anoes fie sxtanaons)
CASPMbworkFolderS3_organkMolsa e

Irgut bekow (grore reut fie)

| [Foms o)

- OUTPUT FORMAT -
by -~ Tioker MM2 format v
[ma |
lp0¥ ~ POV-Rat irput format
‘Stat mport 3t mokcue # soeced A fpar - t
e e acrad 3.~ s ot Sobtiors ot
[ Contirne with nest otect after ewcr, # posstie Jreport — Open Babel o
L0 attemot to trandate keywords Jremi - Reachon SMILES format

0 elate hycrogers (make implct) s MEL MO format

[ ackd hycrogens (make svphat)
Add hydrogens aporoonate for ths pH

SMILES format
3 Corwrt dative bords 3., M 041120 to H{=0)=0) [~ g saen

: J5r2 Syl Mck2 foemat
[ Riemove 3l but the largest contiguous Fagment o5 o ek forn

[ center Coordnates. .

Jthenrn - Thesma format
Jerni

Fiter: convest ool when tests we s,

‘2ckd propertes from desaptors
Delate properties in st
‘Appand propertes or descriptors in st o title:

[0 30in al Ingut molecules into a sngle cutout molecue
] uitpust discornectad fragments s
I

[ Cutput multipla conformers separately

[ Agpand output indss to tite.
ackitons e output

(] Acpsnd nut inde 1ot

] s hyckogen to por atoms criy

[0 canoricatos the stom crder
Filthe L s (strct o ksepconnect]

(0] Genersta 20 coonates:

[0 Generste 30 coordnates

[ Genarate akasers s an altamative represartation.
Cakuiste pistil chisges by specfied rethod

(0 adiacerd conlermers cormbiner nto 3 sngk mokciie
‘Sert by descriptir(-desc for reversa)

O e remmowe upbcatss by cescrpor

[C] dterire chisity from atom poriy fags

] roe it ey

L ez e

3) Uncheck “Input below” and enter MDL file made in advance.

Aen Phens e
INPUT FORMAT —
k- ML ML ot

0000 1va00
23:wc 00O

]
B2
9,337

26837
-10.5060

LE217C D00
LOH4E D00

103450 85997 03%AC 000

114834 104335 02402C 000

12490 9521 0SHEC 000

13636 02651 LS06IC 000

68 04608 22065C D00

74721 1065 DA4H 00 0

7232 115978 18843H D 0 0

61819 10153 2233H 00 0

Bazm
7.6908
86218

23514H
BB0HEH
e

ag7
2114

oo
oo
12268 00

0
98462 110517 LES4H D 0 0
107563 G8534 LOSHAH 000

0

9631 90402 04859H 00
110714 101598 097K 000

119950 -0 Q.5W0H 000

120016 87915 0.2073H 000

195 G9TS2 LA6SZH 000

13.2220 -1.0989 22367H 000

141352 100146 067%0H 00 0

15,349 91044 14B4H 000

141161 9597 26476H 000

Cluse tht format for o Pt es (igncre e extersiors;

0000000000

.
Start import 3t molecus # speciied
Endirport at mdecle 4 sperifed

Continue with nest object after amcr, if possbie
1] attemet to tansate keyweorss
] pelete Fyckrgens (make implt)
] mckt hyeogens (maks et

noss covists for this

0] Convert datve bonds &0, (W ([0-11-0 10 (-0}
(7] Remive i bt the est contiucus fraament
(0] Centex Conninates
] Corrtirm s i frst B with others havg same nume
Coret orky  match SARTS or mals i e

Do00000D

nooooonoo
00000000
oooonooo
conoconeo
00000000 | Fiter:conwert only when tests e true:

poopnoen ekt repertes fiom desrpter:
Delet propaes in et
Appen propertis or dEsIpt n i to b

00000000
cooooono
00000000 LI Jom i rput melecudes it a 2rcle cutput molecule
1 Outpust disconnected fragments saparatety

I

ooooonoo
opoopoooo
oD0oDooDn
00000000
nooooo
vooooooe

voooooog
uooooonog
soooonoo
00000000
tooooone
soooooo0o b descrptor{ et fo reverse)
D) irehn__| vemows chpkcates by descronor

] determine chaalty from atom parity flags
| O react tela oy
i e g

ooooonoo
nooooooe

CJeutout biow criy (v output fis) Clotscley i frafox

4) Check “Input below” and enter the name of output file.
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- - DUTPUT FORMAT
ok - ML fomt | [Famst infa ey Trker W fmst | [Format o
s ths format fo o rut s drors 86 extensons)

T P m———— [ — ~ Cutput e
End oot at mokcue # ected
o ok crors vout fie) ] Contius with et bt afer amar, f posste bekaw arl fna cutout fe) Closplar i frefon
1 ] atterpt 1o transiate kaywords
ACTLAHOSH 1120120 0 Dsiots yckogens (mik ekt
0] Ak yckogens ek eaplit)
%z 0000000 0 vame
7205 05791 2293C 00000000000 A2k yciragens spprcpiats o ths
szmq DAY AE7C 000000000000 E( i .GN"U)]]-DMM-D)-
23 5] Rermave a tut the lrgest centguaus agrment
, 999 WD 1IME 00009000000 ||
103450 05897 03¥0C 00000000000 [ ombane mais in first fia with athers having same name.
o ‘ot ory # match SMARTS ot ks n !
11454 04T 0202 00000000000
124928 S5211 DEOC 00000000000 | Faber comert ordpmhen tests e i
b |
13636 0361 1561C 00000000000
o 4ok progertes fom derptor:
| 4He 54606 22E5C 00000000000 Dsiets proprtes st
74721 -10.65%4 -34045H 00000000000 Apend Eroperns or derotas I It to e
0
72322 ALSPE ABMIM 00000000000 | ] loi alput moeces nto a srge cuput mokeae
o [ Cutput dsconnected fagrments seoarately
; H
6819 1015 2ZHH 00000000000 | aalell
96228 8007 2.34H 000000000000 Acki or replaca molecue
7690 540 6K 0100000000000
8,021 -11.2268 goop00ODOOD e
o [ Cutput mudtipls conformers sepaataly
96482 11,0617 LESHH 00000000000 | [ Append oumut sk ta e
107563 BB6M -105%3H 00000000000 e outp
) sepend rut ke to e
Sz men 000000800000 | sk hetogm gk v
15704 11535 DOTH 00000000000 ||y oo i o
0
119850 10563 0SRH 00000000000 | Fi the unt cel (stret o megccrmect)
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Chapter 6

Trouble Shooting

We introduce possible trouble examples and how to fix them when you use the SPM simulator.

Troubles on simulation

I GUI does not start up normally

If GUI does not start up normally, a version of igddev32.dll (which is at C:¥WINDOWS¥system32
usually) may not suit. Please rename this file to other name (for example, igddev32.dll_bak) and

start up GUI again. If trouble occurs on other application, rename it back please.

I The modified setting parameters are not reflected in the simulated results

A user account logging in may not have an authority to write on a folder that has a project file
loaded at the time.

The SPM simulator is installed below "C:¥Program Files" by default. The user account who does
not have administrator rights cannot change or write in that folder. Windows Vista and later have a
special system named VirtualStore, that makes a new file at an unexpected folder when you
attempt to make a file below "C:¥Program Files". The SPM simulator does not read the new file but

the old file below "C:¥Program Files".

There are two ways to solve this problem. The one is to run the SPM simulator with a temporal
administrator rights. When you start to run the SPM simulator, right click the simulator icon on the
desktop, then select "Run as Administrator". The other way is to copy a sample project. Double click
the simulator icon and start the SPM simulator in the usual way. Then load a sample project below
"C:¥Program Files¥SpmSimulator¥SampleProject". In order to make a copy of the project, select
[File] = [save as] from the menu bar. "Save project" dialog opens. Set a project name and a folder
where the project file will be saved. Keep in mind to select the folder where you have a right to

write or make a file; e.g. below "C:¥Users¥UserName".
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Troubles on installation

We introduce the error codes which may occur on installation, and how to fix them.

I Install error (Error code:0003)

The information of the network connection may not be obtained. When you install the SPM
simulator, your PC has to be connected to the internet. The installer checks a network information
using an application "ipconfig.exe" attached to Windows system, but fails to obtain a normal
connection information.

At first, confirm a connection to the internet. If the connection has no problem and this error
code still occurs, please advance to the next procedures.

This error code may occur when the Path in the environment variable of Windows does not
contain a path to the "ipconfig.exe". Please edit an environment variable according to the following
procedures.

Please open "System Properties" dialog as follows. [In case of Windows XP] Right click "My
Computer" icon on your desktop or from the start menu, then select "properties". [In case of
Windows 7] Click the start button in the lower left of the screen. Then right click the "Computer"
and select "properties" from the pop-up menu to open the System control panel. Select "Advanced
system settings" on the left side of the panel, then "System Properties" opens.

Next, click "Advanced" tab on the "System Properties" dialog. Then click "Environment Variables"
button to open "Environment Variables" dialog. Please be careful not to mistake from here. Select
"Path" from the list of "System variables" (not from "User variables"), then click "Edit" button to
open "Edit System Variable" dialog. Add values at "Variable value" form as follows. Set a cursor at
the end of the form. Copy and paste the following whole line including the first semicolon.

;%SystemRoot%;%SystemRoot%\System32;%SystemRoot%\System32\Wbem
Click "OK" button to finish editing the system variable. Then click "OK" to reflect the environment
variable. Finally click "OK" to close the "System Properties" dialog. Now the setting of the

environment variable is completed. Please start the installer again.
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