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1. Introduction

This program has been developed using a high level program language - Turbo-Pascal, Version 7.0
including object-oriented elements. Several modules have been developed in the Assembler language.
The program (its full size is about 300 KB) can be located in any part of your hard disk.For its operation
the following files are required in the same directory:

p7_spm.exe - executive program;

p7_spm.hlp - context-sensitive help file;
p7_spm.opt - configuration file;

The above mentioned software is intended for:
- Solver device control in the STM (Scanning Tunneling Microscope) and SFM(Scanning Force
Microscope) modes;
- processing of data earlier obtained withSolver devices, as well as with some other devices.

In the STM mode:

The Microscope operation control in the scanning, spectroscopy and lithography modes as well as
presentation of measurement results in a convenient way for viewing and investigation.

In the SFM mode:

The Microscope operation control in the scanning, spectroscopy and lithography (iengravingT) modes as
well as presentation of measurement results in a convenient way for viewing and investigation.

The program (file p7_spm.exe) can open on the screen from one to four windows. Also, in the upper part
of the screen a line-box is displayed showing the piezoscanneris absolute and relative coordinate along Z-
axis. In addition to the four main windows whose location on the screen is defined by the user it is also
possible to display the Tool Bar to ensure a quick access to some commands and operations (it is situated
on the left side of the screen) and the status string containing the context-sensitive help string information
about the free main and extended memory.



2.

Main menu

The large iMainT in the upper left corner of the screen is used to open the programis main menu,

Hain|

including the following items:

2.1

TWindowT

2.1.1
ISPMT

1SCOPE 1T

1SCOPE 2T

1EDITORT

2.1.2

1Status Bart

Window | Dptions |Help | Exit |

Opening program windows

is used to open the menu permitting to display on the screen the following windows:

SPH

SCOPE 1
SCOPE 2
EDITOR

Status Bar

Tools Bar

GRAPHICS

o

SPM and Oscilloscope Window

is used to open and close the main window for the Microscope operation control in
the scanning, spectroscopy and lithography modes as well as to view and process the
scanning and spectroscopy results

is used to open and close the oscilloscope (internal oscillograph) window designed to
observe various values time dependence, to measure and control signals in various
points of the circuit board - processor as well as to view bidimensional data arrays:
scanning sectional views and spectroscopy results. It is possible to open at the same
time two such windows.

similar to ISCOPE 1T.

is used to open and close the Text Editor window. A text can be saved as a separate
file or in the data file as a comment.

1Tool barT and 1Status barT windows

shows or hides in the screen bottom line the status string displaying on-line help about
commands and buttons as well as the free main/extended memory

[tc) 1996, NTI-HDT, Russia | 46,8389 Kb

1Tools Bart

shows or hides on the left side of the screen the tool bar containing buttons permitting
quick access to some commands and functions
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2.1.3  The built-in graphics editor Information window

TIGRAPHICST displays the window containing information about using the graphics editor.

INFDR

TPageUpT scrolls up the on-screen information.
TPageDnT scrolls down the on-screen information.
TEXItt closes the built-in graphics editor information window.



2.2 Saving and loading various program configurations
1OptionsT displays the Menu:
Load. ..

Save

Save as...

Resolution. ..
Colors...
Palette. ..

2.2.1 Reading and saving window

iLoadT displays a list of configuration files 1*.optT

CINP7?\*.opt -
SN ]

JUSTAFHM.OPT
P? _SPH.OPT

Sort —
[ Mame

Time

Size

Upper string  the upper string displays the path and pattern for the files contained in the files
list

Files list in this window one configuration file can be selected in an open directory from
a files list and loaded into the program

Scrolling bar  permits scrolling through the files list.

Additional commands:
1SortT Menu  permits to sort the files in the file list according to their Name, Time or Size.

1CancelT cancels any selection and closes the Menu.
1Savet saves the configuration to the file Tp7_spm.optT.
1Save asT displays the configuration saving box to save the configuration to any other 1*.optT
file.

|Input File Name : =.opt

CINP?N_

The configuration being saved includes:

- all parameters determining the device operation mode (excluding 1Feedback=onT and
iLaser=onT) i.e. parameters for feedback, scanning, spectroscopy and lithography parameters
as well as calibration;

- all parameters for the types, sizes and colors of the windows displayed on the screen;

- all the data presentation modes both in the SPMwindow and in the SCOPE 1, 2 windows



2.2.2 Resolution and colors selection window

SVGA resolution mode setting window

TResolutiont displays the SVGA resolution mode setting window.

> B4B8x480x16
> h4Bx480x256
@ B800x600x256
»1824x768x256

Main colors setting menu for the program windows

iColorst displays the Main colors setting menu for the 1ISYS RGS program.
|[RED 12 | _]
[GREEN 12 | _ |
[BLUE 63 | _ ok
[COLDR 1 ]

N [ ]
] 1

10KT exit the menu and save all the user main colors parameters.

Menu for the Palette selection and editing
iPaletteT displays the IRGB-Paletter - Palette selection and editing menu for SPMpictures.

To edit click the left mouse button or press IENTERT when in the graph whdow.

RGBE-Palette

R

- Get |
s T

é / 13 s|

— Lo 5 Line

iLoadT displays the Palette loading menu from a 1*.256T file



C:NP7N*.256
N [ ]

Sort —
[ Name

Time

Si=ze

Upper string  the upper string displays the path and pattern for the files contained in the files
list.

Files list in this window one palette file can be selected in an open directory from a files
list and loaded into the program.

Scrolling bar  permits scrolling through the files list.

Additional commands:
1SortT Menu  permits to sort the files in the file list according to their Name, Time or Size.
1CancelT cancels any selection and closes the Menu.

1SaveT displays box for saving the palette to a 1*.256T file

[Input File Mame : x.256

CINPPA_

1GetT selection from the palette list.

1Drawt editing through changing one, three or five points.

iLineT not available.

1Smootht graph smoothing.

THelpT displays the Help window for the IRGB-PaletteT menu commands.

INFOR

You can edit BGE palette by mouse moving with
prezsed left buttom,

Open , Save - openssave palette from to =256 file.
Get - choosze palette from standart zet.
Iraw 1,3,5 - ‘width’ of editing.

Line - to draw by a line.

Adittional commands:

‘B4 - zel simple function:

Tt L - multiplyfdivided BEGE curve:

‘BB VB - zet similar curve:

Space, ') - normalize by gray image hiztorgamm:

Pagelp | | PageDn

1PageUpT scrolls up the text in the Help window.
1PageDnt scrolls down the text in the Helpwindow.
1EXItT Exits the Help window.



TEXItT Exits the TIRGB-PaletteT menu.

2.3 Context-sensitive HELP

THelpt in any point of the program you can position the cursor on any unknown object
(window, button, menu) and press F1 It will display help information about this
object.

F1+iShiftT moves the Help Window to the cursor position. It can be useful if the displayed Help

Window obstructs the information you would like to view together with information
in the Help window.

1ESCT exits and closes the Help window.

+1ShiftT exits the Help window. This can be useful in case you want to save the on-screen
picture together with the Help information.

2.4 Exit the program

1EXItT exits the program. To exit you can also press F10if there are no opened menus.

+1ShiftT temporary exit from the program into the operating system (OS). In the case of
temporary exit the feedback, laser and signal measurement by oscillographs stay on.
To return to the program you must type 1EXitT in the OS command string.



Hain

String window

SFH |[z= -1a° ¥|| FB| 7]

3.1 Main program menu
TMaint displays the main program menu (for details see item?2).
3.2 Mode selection
1SFMT displays the mode selection menu.
STH
8FH
2TH-2
SNOH
1SFMT standard SFM head.
ISTMT standard STM head or STM insert in the SFM head.
iSTM 27 precision STM head.
ISNOMT SNOM head.
3.3 Digital indicator
&= -14° digital indicator for absolute/relative scanner extension Z coordinate. If you point to
this indicator with the mouse cursor and press iIENTERT or the left mouse button,
the 1Z=Z0T operation is carried out (Z-coordinate starts to be measured relative to its
last absolute value). This operation can be repeated if necssary.
3.4 Laser control
ﬂ turns the laser on and off (when the laser is switched on the symbol turns red).
3.5 Analog indicator

10

analog indicator (ired lineT) for scanner extension Z coordinate. If you point the
mouse to this window and press iIENTERT or the left mouse button theiProbe
Optionst menu is displayed.

FROBE OFTIONS

Set Point (nA) 8.0 LASER

Bias Voltage(v) 0.2 Z:=28 |
Feed Back Gain 1.8
| |Feed Back
¥ (A®) ¥ (A°) Z (A°)
8 8 | @ |




1SetPoint (nA)T sets the current value to be maintained constant by feedback (tunnelling current
for the STM mode and photodiode differential current for the SFM mode).

1Bias Voltage (V)T sets the value of voltage applied between probe and sample.
1Feedback Gaint factor inversely proportional to the feedback integator constant.
1Feedback® turns the feedback ON and OFF.

iLasert button turning the laser ON and OFF. When the laser is ON the symbol on the
laser switch button in the line-box turns red?!

1Z2:=Z207 setting new reference value for relative Z axis coordinde. This operation is also
possible if you point the mouse to the digital indicatoris window located in the
upper central part of the screen. This operation can be epeated if necessary.

1X(A), Y(A), Z(A)Tplacing the sample into the required position relative to the probe along the
X, Y and Z axis. The placing is done immediately (at the same time various
signals can be viewed in the SCOPEwindow).

3.6 Feedback control

FB| turning the feedback on and off.
3.7 Help
ﬂ displays the Help information for this window.

1 SFM mode: the turned on laser serves as a light source in the optical system for registration of the cantilever
probe deviations. STM mode: normally the laser is off, but it can be used as a lighting when positioning the sample.
11



4, 1SPM-(SFM/STM)T WINDOW

The main window for the SPM control

=| File|Vieu|Edit | Tools | Operation

4.1 Main window position selection menu

ﬂ displays the main window position selection menu:

Frame...
Clo=ze

1CloseT closes the main window.

TFramet displays the main window position selection menu -iFrame Settingr, permit-
ting to select from the given examples the required size and position of the main

window.

Frame Setting

i
|

— | —

Cancel | DK
iCancelt cancels the size selection (closes the menu without changing the size of the main
window).
T10KT confirms the main window size and position selection and closes the menu.

4.2 The SPM window menu

File |Vieuw |Edit | Tools

Operation

4.2.1  File operations menu

1FileT displays the data files operation menu

12




Open
Herge. ..
Save

Hake Dir...

Tile...
Dublicate
Delete
Delete All
Infor

Export

Options. ..

4.2.1.1  File operations window
1Opent opens the TFile OpenT window (for loading files).

+Ctrl opens the working directory selected iniFile OptionsT.

CIMNP7N= NMDT

LA Dpen A1l

Sort —
Name

Time

Size

Upper string  the upper string displays the path and pattern for the files contained in the files
list.

Files list in this window one configuration file can be selected in an open directory from
a files list and loaded into the program.

Scrolling bar  permits scrolling through the files list.

1Open AlIT displays the first pictures of all files in the list for subsequent loading one of

them.
The following hot keys are enabled in this mode:
F1 getting information about a file.
F5 file copy.
F8 delete a file from the disk.

Additional commands:

1SortT Menu  permits to sort the files in the file list according to their Name, Time or Size.

1CancelT cancels any selection and closes the Menu.
TMerget opens the TFile OpenT window (to merge the loaded file with another file from the
disk).
1SaveT opens the file save box for a file with the T*.mdtT extension (file name and directory

must be entered if the directory is different from the default one).

13



[Input File Name : ».MDT

CINPPNLMDT_

The following data are saved in a 1*.mdtT file:

- data

regarding all scanning operations carried out after the program start;

- spectroscopy data marked using theiPutT item in the menu;
- text entered in the text editor and marked using theiPutT command;
- scanning parameters information.

TMake Dirt

4212

1TileT

opens the box for creating new directory (the path and directory name must be
entered).

|Dir. Nane :

Page operations window

displays all pages for subsequent loading of one page.

The following hot keys are enabled in this mode:

F1
F5
F8

1Duplicatet

TDeleteT
1Delete AlIT

TInforT

+iShiftT

+iCtrIT

getting information about a page.
saves a page as separate file.
deletes a page from the main memory.

copies the active page to the position following it pushing the list contents apart, if
required.

deletes the active page.
deletes all pages.

displays the information about the scanning parameters the data of which are
currently displayed in the window: file name, saving date and time, scanning mode,
scanning parameters, scanning speed, scanning step, number of points in the scan
along each axis, availability of spectroscopy data. After closing the parameters
information window the text entered in the Editor window and merged with the file is
displayed in a similar window.

manual selection of scale factors along the X, Y and Z for a loaded picture.

the following table is moved into the Editor window.

SFH
File:
SCAN:
18
UEL
=8
N
AsD T
Back

< NT-MDT >
16—Aug—-1996 18:12
I Const Page = 8,7
= B.888 nA ut = B.68688 -
=188979 A-= Step = 214.8 A
= B A ¥a = a8 a
= 256 NY = 256 scans 1,2,3 —— contact
= 4 ADC Ampl.= 1 4,5 —— tapping., sharp nitrid
= -2 Scan Dir.= -¥ 6,7 —— contact.

1Exportt

14

displays the menu for the picture saving in a PCX file.

Whole Screen
EPH Hindow

Hanual




TWhole Screent copy all the screen display.
1SPM WindowT copy the contents of the SPM window.

TManualt copy an arbitrarily selected area (when this menu item is €lected a cross-like

mouse pointer appears). Place the pointer in any corner of an imaginary re-
tangle (representing the area to be copied) click the left mouse button and drag
the pointer to the opposite corner of the imaginary rectangle. When all of the
area to be copied is enclosed inside the frame click the left mouse button once
again and the menu for the picture saving in a PCX file is displayed.

|Input File Name : *.pcx

CINPPN_

4.2.1.3  File operation options window
1OptionsT displays the file operation options window.
Extention: m
Tile as 3x2 | ok |
iDirectoryT Default directory for file operation.

T1ExtensionT Extension of the file to be loaded.

1Tile asT

T1OKT

4.2.2

TViewT

4221
12DT

+iShiftT
13D WiretT

Inputs the number of files (pages) whose pictures are displayed simultarously
when loaded in the 1Open AlIT (1 TileT) mode.

Exit and close the Optionswindow.

Scanning data presentation menu.

opens the scanning data presentation menu.

2D

3D Wire
3D Geo
3D Light

Zoom In
Zoom Out

Optimize W+
Palette. ..
Options. ..

Data presentation window

data presentation in top view - X and Y coordinates are expressed in angstroms (A),
nanometers (nm) or micrometers (um); height or current, depending on the scanning
mode, are presented in the form of a color palette.

selection of the viewing scale.

data presentation as a three-dimensional surface. The picture is drawn as a net based
on points where measurements of the height or tunnelling current have been done,

15



+1ShiftT

+1CtriT

13D Geot

+1ShiftT

13D LightT

+1ShiftT

+1CtriT
4222

1Zoom InT

1Zoom Outt

4223
1O0ptimizet

1Scalet

that becomes apparent with a small number of points or when viewed at high
magnification.

viewing scale (if the Shift key is continuously pressed) and point of view selection.
after the picture is drawn as a net, the picture filling is carried out.
three-dimensional picturedisplay in a geographic palette.

viewing scale (if the Shift key is continuously pressed) and view point selection.
three-dimensional picture display in the simulated illumination mode.

viewing scale (if the Shift key is continuously pressed) and point of view selection.

selection of the light source position.

Zoom control window
picture area selection and magnification.

decreasing magnification by ore half.

Picture display optimization

opens the TOptimizeT menu.

Scale

View Point
Light Fosition

Area Coloration

scale selection.

1View PointT  view point selection (for 13DT viewing mode).

TLight PositionT light source position selection (for 13D Lighfr).

TArea Colorationt picture area selection to determine the height range corresponding to the p&

TPaletteT

TLoadT

16

ett; some parts of the image outside the chosen area can go beyond the new

coloration range, but their true heights remain saved in memory. To return to
the previous coloration you should proceed with this operation over the whole

picture.

opens the RGB-Palette editing menu.

RGB-Palette

Load

il

Save

Get

Draw —

JI_J

Llne

| o
l\
—l

B Smoth

\ Help

. S

displays the palette loading menu from a 1*.2567 file.

IM




C:NP7\*.256
LN ]

Sort —
Name

Time

Size

~

i SaveT displays the window for saving the palette to a 1*.256T file.

[Input File Name : *.256

CINPN_

~

1GetT palette list selection.

~

i DrawT window editing through changing one, three or five points.

~

~

~

INFOR

You can edit BGE palette by mousze mouing with
preszsed left buttom,

Open , 2ave - opendszave paletie fromsto #2356 file.
Get - choose palette from standart zet.
Iraw 1,35 - ‘width’ of editing.

Line - to draw by a line.

Adittional commands:

‘B - zet zimple funclion:

fwl - multiply/divided EGE curve:

‘RGB! set similar curues

2pace, ' - normalize by gray image hiztorgamm:

| Pagelp | | PageDn |

~

1Optionst

1EXItT exit the TRGB-PaletteT menu.

opens the iDraw Optionst menu to set the picture display options.

|Digits >OFF DSRYZ @ & C

|Units »>A% <@ i Sul

|2n Smoth >Off < On »On+

|3n Smoth [0ff A3|n3|a5|ns|

_lGrid |Ba|::kg1"|:|und _

iLineT not available.
i Smootht smoothing the graphics.
iHelpT displays the help window for the RGB-Palettemenu commands.
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1DigitsT

TUNItsT

12D Smootht
13D Smootht

1Gridt
1Backgroundr
T10KT

coordinate axis type selection:
1XYZT- digital values are displayed for the scan coordnate axis;

1XYZ&CT- digital values are displayed for the scan coordinate axis and a color
altitude scale for Z-coordinates;

T1OffT- digital values for the scan coordinate axis and a color altitude scale are
not displayed.

sets the measurement units for the coordinate axis:
iAT-angstroms;

TnmT-nanometers;

TumT-micrometers.

picture smoothing in top view.

after a three-dimensional picture has been plotted the selected picture filtation
is done automatically.

when turned on a coordinate grid net is displayed (in top view -12DT).
the background color selection.

exit the 1Draw OptionsT menu.

To set the selected parameters and exit the menu for the window re-drawing click the left mouse button in
the main window area.

1EditT

iCropT

1Set Area toT

18

4.2.3 Edit menu

displays the edit menu.

Crop

S5et Area to »
Substract Surface k-
Cut pikes...

Fit H-line=s

Fit ¥Y-lines

Filter »
Thin Out

cuts the selected data.

WARNING:

An unrecoverable loss for a part of data since only the selected area remains in the
main memory!

1Zerot

TMinimumt

displays the associated menu.

Zero

Minimuwum

assign to the selected data the zero value for Z-coordinates.

assign to the selected data a minimum area value from the ®lected part Z-
coordinates array.



1Subtract Surfacer displays the Surface Subtract menu.

1=t Order from Image
Znd Order from Image
1=t Order from Area

Znd Order Ffrom Area

11st Order from Imaget fitted plane subtraction. This operation eliminates the inclination effect
appearing as a result of nonparallelity of the scanning plane and suface plane.

12nd Order from Imaget subtraction of the 2nd order surface.

11st Order from Areal surface subtraction from the whole data array, but the surface formula is
calculated from the selected area. (This is necessary to save the real surface co-
figuration, for instance, the step shape on HOPG - Highly Orientated Pyrolithic
Graphite).

12nd Order from Areal second order surface subtraction from the whole data array, but the su-
face formula is calculated from the selected area.

1Cut pikest cuts sharp pikes from the picture.

+iCtrIT cuts sharp cavities from the picture.

+1ShiftT the width of a pike or a cavity is determined and all that is less than or equal to is
equalized.

1Fit X-linest equalizes the average X-lines heights.

This function is designed to eliminate the defects due to errors in the course of
scanning along the X axis.

1Fit Y-linest equalizes the mean Y-lines values.

This function is designed to eliminate the defects due to errors in the course of
scanning along the Y axis.

iFiltert displays the Data filter menu.

Average 3Ix3
Average 5x5
Median 3x3
Median 5x&
Fourier

Advanced . ..

TAverage 3X3r filtration by the average value of a 3X3 square.
+1ShiftT filtration by the pattern. Weights are specified by the user.

+ICtrIT filtration of the picture only, i.e. only the graphic image is filtrated but not the
data for its plotting. In this way it is possible to filtrate a 1*.pcxT file loaded in
the program.

TAverage 5X5t filtration by the average value of a 5X5 square.
+1ShiftT filtration by the pattern. Weights are specified by the user.

+iCtrIT filtration of the picture only, i.e. only the graphic image is filtrated but not the
data for its plotting. In this way it is possible to filtrate a 1*.pcxT file loaded in
the program.

TMedian 3X3T median filtration by the 3X3 square.

+1CtriT filtration of the picture only.
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TMedian 5X5T median filtration by the 5X5 square.

+iCtrIT

filtration of the picture only.

1Fouriert direct or inverse Fourier transformation. In case the scan dmensions in points

located along the X and Y axis do not match with numbers of the 2**n type, it
will be proposed to cut a part of maximum size data suitable for treatment by
means of Fourier transformations.

TAdvancedrt not available.

1Thin OutT

4.2.4

1ToolsT

1Coordinatest

1Distancer

+1ShiftT
TAngletT

+iShiftT

1X SectionT

1Y SectionT

erases all the odd points on the X, Y plane. This operation may be useful for large
files. File size becomes one-fourth as the original one.

Tools menu

displays the tools menu.

Coordinates
Distance

Ang le

® Section

Y Section
Arbitrary Section
Statistics

displays in the upper line of the main window the status string showing the
coordinates for the selected point.

= 288 . 4= 73 il 2=101.1 u |

displays in the upper line of the main window the status string showing the distance
between two selected points in the XY plane.

P T L HNTCE ul |

displays the distance between two selected points in the XYZ space.

displays in the upper line of the main window the status string showing the angle
between two selected directions in the XY plane.

4= Augla  56.85 dags. |

displays the angle between two selected directions in the XY Z space.

displays a section along the X axis in the selected location. Sections are moved to the
SCOPE window after the IENTERT key or the left mouse button have been pressed.

displays a section along the Y axis in the selected location. Sections are moved to the
SCOPE window after the IENTERT key or the left mouse button have been pressed.

1Arbitrary Sectionr displays an arbitrary stretch section. Sections are moved to theSCOPE window after

1Statisticst
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the TIENTERT key or the left mouse button have been pressed.

the followings coefficients are calculated for the selected area:



| mroR |
8y = 559.538 nH
Sa = 95.938 nh
Sq = 122.112 nh
Ssk = 1.48563
Sku = 8.88698
1SyT peak to peak value (ISO 4287/1):
Sy = Zinax = Zmin
iSar average surface roughness (DIN 4768):
8 &)
i=1 j=1
1Sqr surface root-mean-square (ISO 4287/1):
S, = JNzaaz (1)
=1 j=1
1SskT surface skewness (ISO 4287/1):
S Al (
Sk N S3 a_-]- ?'1 ( J)
1Skut surface kurtosts (AN between points):
0
Su = S4aaz“(u)
i=1 j=1

4.2.5  The microscope control menu

1Operationt displays the microscope control menu.

Scanning
Spectroscopy m
Lithography 3
Probhe Options. .
Approach

Calibration

RESET SPH

4.25.1  The microscope control in scanning mode.

1Scanningt opens the menu for the microscope control in scanning mode.



SCANNING

Hodulation FB Scan A Scan B
0ff | MNormal |Height | off |
I I
FB Break | On Back Scan _|

[scaN [DRAW | NxN [ PROBE HODULATION |

Velocity 588888

Nx 128

2"N
Step(A”) 138.8 HY 128 r
Average i8

ADC Ampl. x1

Scan Dir. +X _|NLCorrection
RUN | One Scan ”Burder..||Exit|

The window for the microscope control in scanning mode contains:

TModulationt

iFBT

menu is displayed).

orf

modulation modes (when the button located under the item is pressed a pull-down

Frohe

Z—drive

Biaz Vo

ltage

T10ffT modulation is off.
1Probet

1Z-driveT

driving signal is applied to the piezo in the cantilever holde.

driving signal is applied to Z-electrodes of piezotube

1Bias VoltageT bias voltage between STM tip and sample is modulated

feedback modes (modulation modes (when the button located under the item is
pressed a pull-down menu is displayed whose contents are different in various modes).

STM

SFM

It |

Nornal Furce‘

11T for the tunneling current.

TNormal ForceT for the probe-sample
interaction force.

iScan AT signal to be registered in Window A (when the button located under the item is
pressed a pull-down menu is displayed).
STM SFM
Height Height
It Normal Force
It+f Lateral Force
Ext Input Ext Input

22

THeightT height (topography).

11T the value of tunneling current between the
probe and the sample.

11t+fT filtered value of tunneling current.

T1Ext Inputt signal recorded from external
input.

THeightT height (topography).
TNormal ForceT interaction force between the
probe and the sample.

iLateral ForceT friction force appearing in the
process of the probe movement along
the sample.

T1Ext InputT signal recorded from external
input




1Scan BT

signal to be registered in Window B (when the button located under the item is pressed
a pull-down menu is displayed).

STM SFM
Off Off
Height Height
It Mormal Force
It+f Lateral Force
Ext Input Ext Input

TOffT no other signal registration when
scanning

THeightT height (topography).

11T the value of tunneling current between the
probe and the sample.

TIt+fT filtered value of tunneling current
T1Ext InputT signal recorded from external

TOffT no other signal registration when
scanning

THeightT height (topography).
TNormal ForceT interaction force between the
probe and the sample.

iLateral ForceT friction force appearing in the
process of the probe movement along

the sample.

T1Ext InputT signal recorded from external
input

input

1Fb BreakT feedback is maintained up to the moment of scanning start, then scanning is executed

with constant length of piezotube; after scanning feedback turns on again.

10n Back Scant  registration of the second signal -iScan BT - on the way back for each scan line - ionT
position or during repeated scanning in the same direction for each scan line - 1offT

position.

10ne Scant scanning mode (when the button located under the item is pressed a pull-down menu

is displayed).

One Scan

Hany Scans

HxH Scans

MHove Scans

10ne Scant a single scanning will be done at the area selected using theiBorderT menu.

TMany Scanst scanning will be done at the area selected using theiBorderT menu until inter-
rupted by pressing the iESCT button.

TNXN Scanst  displacement will be done according to the following scheme. The overlap @-

gree is specified in iOptionsT - iNXNT menu.

— et

I

—»_

TMove ScansT displacement direction is specified using the cursor catrol keys in the course of

scanning. The actual displacement is done after scanning.
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Warning:
In all multiple scanning mode only the last scan may be processed and saved to the

disk.
iBordert selection of the scanning area dimensions and the start point (when the button located
under the item is pressed a pull-down menu is displayed).
Abzolute
Relative
| Howving

TAbsoluter setting the scan dimensions (by changing the scanning step) and the scaning
start point with respect to maximum possible scan.

TRelativet setting the scan dimensions (by changing the scanning step) and the scaning
start point with respect to the last scan made or the loaded file that has been
created earlier.

TMovingt if this option is activated any movement of the scanning area marker in real

time results in the probe movement with respect to the sanple.
Changing is done:
- position of center - arrow keys and mouse;
- scan dimensions - arrow keys or mouse + Shift.

|g@=4471.3 [vB-18858.9 "
[sx=18.8 [sy=18.8 "

TRUNT starts the selected scanning mode.

1EXItT exit and close the menu for the microscope control in scanning mode.
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TSCANT label - general scanning parameters.

1VelocityT

1Step (A)
TAverager

TADC AmplT

1Scan DirT
INXT, INYT
12°NT

SCANNING

Hodulation FE Bcan A Scan B
0£f | Mormal |Height | off |

I I
FB Break _| On Back Scan _|

[scan [DRaW [ NxN | PROBE MODULATION |

Velocity S008B8 | NX 128

Z"N
Step(A®) 138.8 NY 1Z8 =
Average 18

ADC Ampl. x1

Scan Dir. +X _|NLCorrection
RUN One Scan ||Bnrder. - | | Exit |

the sample-vs-probe movement speed along the surface wken scanning between
points, in Angstroms/s.

distance between scan points, scan step.

number of measurements in each point (averaged value is ecorded for each
point).

the value of gain coefficient for relative changing value. This gain is necssary

to increase resolution along the Z axis. The maximum gain is set in case of a
low drift along the Z axis in time and insignificant heights difference on the sur-
face that is being measured. The gain coefficient Kz in this item must satisfy the
condition Kz<20000A/dZ, where dZ - heights difference on the surface with
allowance made for drift along the Z axis.

scanning direction.
scan dimensions (number of points in each direction).

if the ON setting is selected the scan sides dimensions in points are automat-
cally reduced to the nearest number of the 2**n type, where n is a natural num-
ber; only scans of this size can be processed using Fourrier trasformations.

TNLCorrectionT in the ON position the scanning is done with correction of the piezoscanner

movement nonlinearity.

T1DRAWT label - parameters for data display when scanning.

1Subplanet

SCANNING

Hodulation FB Scan A Scan B
0ff |Normal |Height | o0ff |

| |
FB Break | On Back Scan _|

SCAN | DRAW | NxN | PROBE [MODULATION |
|Subplane OFfFf|| On On+

_|Drawing
_|Show Scan Lines

RUN One Scan ||Burder. . | | Exit |

when set in the ON position, fitted surface subtraction opegtion is carried on
immediately after scanning . When set in the (ON+) position the surface sub-
traction operation is carried on after the first 20 scan lines have been scanned.
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TDrawingT when set in the ON position the measurement results are dsplayed during

scanning, in the OFF postion - after scanning.

1Show Scan Linest each scan line profile is displayed in the SCOPEwindow.

TNXNT label - parameters of successive scanning with displacement.

SCANNING

Modulation FB Scan A Scan B
0ff | MNormal |Height | o0ff |

| |
FB Break || On Back Scan |

(scaN | DRAW [NxN | PROBE [MODULATION |

Total Scans HNxHN 4

Scanz at point 1 J

Scanz Owverlay A.5 J

RUN One Scan ||B|:|r-der- .- | | Exit |

1Total Scans NxNT for multiple scanning - number of scans in each direction of the scanned
area. For instance, with N=3 we shall have 9 areas where scanning will be done

consequently.
1\——> —
< < A
—1> P

1Scans at pointT for multiple scanning - number of scans in each area between displaements.

1Scans OverlayT for multiple scanning - scans overlapping degree (0 - no overlapping, 1 - can-
plete overlapping).

TPROBET label - feedback parameters etc.

SCANNING

Hodulation FB Scan A Scan B

0ff | Mormal |Height | off |
T I
FB Break || On Back Scan |

[scaN [DRAW [ NxN | PROBE [HODULATION |

SPinA) 8.8 BU(w) 8.1
FB gain 1.8 Z (a") a8
_ |Feedback Z:=Ef8

RUN One Scan HBnrder- . . | | Exit |




ISP (nA)T

iBV ()T
1FB gainT
1Z (AT

1Z2:=Z07
TFeedbackt

the value of current to be maintained constant by feedback (tunnelling curent
for the STM mode and photodiode differential current for the SFMmode).

the value of voltage between probe and sample.
factor inversely proportional to the feedback integrator camstant.

changes the Z coordinates - manual scanner extension (the feedback is aub-
matically turned off).

determines new reference value of Z0 and sets relative Z @ordinate to zero.
turns the feedback ON and OFF?

1Sample thickness (mm)T thickness of the sample measured from the mounting plate (substrate),

that should be set for correct calibrating the lateral dimension of the image.

TMODULATIONT label - parameters of modulation driving signal etc.

1Bandt
1Filtert
TAmMplitt
1Gaint

TPhaseT

1FB signT

SCANNING

Hodulation FB Scan A Scan B
0ff |Mormal |Height | o0ff |

| |
FB Break | On Back Scan |

[ScaN | DRAW | NxN | PROBE |HODULATION ||

Band >55 kHz Frequency (kHz) —
Filter 1 kHz [Hain 129.4 Harm 1
Amplit B8.43 Hin 124.8 HNumb 58
Gain 6.3 Hax 531.8 Aver 1

Phase @ SCAN| Module |
7B sian[~ /| soan & pusn_|

RUN One Scan ||Bur~der- .- | | Exit |

selection of low-pass (<65kHz) or high-pass (>55kHz) input
filter bandwidth of the detected signal (1 or 30kHz)
amplitude of the driving signal

amplifier gain in Resonant Mode unit

additional phase shift between driving signal and response signal added bfore
synchronous detector.

selection of the sign of feedback (+/-)

1Frequency (kHz)T parameters of modulation frequency scanning and setting.

1SCANT

TMaint
TMinT
TMaxT
THarmt

TNumbt

TAvert

permanently maintained frequency.
lower limit of frequency scanning range for getting some frequency @pendence.

upper limit of frequency scanning range for getting some frequency
dependence.

the harmonic (1...10) of the main frequency chosen to be measured in esponse
signal.

number of intervals into which Min...Max range is divided during fequency
scanning for getting some frequency dependence

number of measurements of a value in each point of scanned frequency range
(only one averaged value is recorded for each frequency point)

button that starts frequency scanning from Min to Max to get frequency dependence
of some value.

2The Feedback can be also turned on and off in the line-box using the FB button.
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1SCAN & PUSHT button that starts multiple frequency scanning from Min to Max, with sample being

4252

1Spectroscopyt

10netT
+iShiftT

X507

+iShiftT

TLineT

+1ShiftT
1GridT

+iShiftT

slightly displaced towards the probe after each successive scan. 1Scan&PushT permits
to get a set of dependences for different sample-probe separations. Sample is moved
towards the probe from its initial position to the position specified by setting slider
that appears after clicking 1Scan&PushT button.

The microscope control in the spectroscopy mode

opens the menu for the microscope control in the spectroscopy mode. Spectroscopy
can be done in two microscope operation modes (I(U), 1(Z) for STMand 1(Z), F(Z)
for SFM), but the most application finds operation in the STM mode.

One x5H
Line Grid

To Hemory

Look
Options

spectroscopy in one selected point. Spectroscopyis done one time in the specified
point. Data are available for viewing and saving only in thei SCOPET window.

spectroscopy is repeated in a specified point until interrupted by pressing the TESCT
key. The results of each measurement are displayed in theSCOPE window.

making a run of 50 measurements in one point. The results of all measurements are
displayed upon completion in the form of a three-dimensional picture, where along the
X axis - U or Z, along the Y axis - the measurementis number, the color gamut -
current.

repeating the runs of measurements until interrupted by pressing the TESCT key.

making a run of measurements along a selected line. The results of all measurements
are displayed upon completion in the form of a three-dimensional diagram, where
along the X axis - U or Z, along the Y axis - the measurementis number, the color
gamut - current. I(U)[1(Z)] is read in every point where measurement was done when
scanning, along the selected line with step equal to the scanning step.

repeating the runs of measurements until interrupted by pressing the TESCT key.

runs of measurements at points of a selected grid. Number of points in the grid is set
using the élefti, érighti arrow keys or appropriate mouse movements. The results of all
measurements are displayed upon completion in the form of a three-dimensional
diagram, where along the X axis - U or Z, along the Y axis - the measurementis
number, the color gamut - current.

repeating the runs of measurements until interrupted by pressing the TESCT key.

The results of measurements in the last three items can be represented in a three-dimensional form, to do this
exit the menu and select 3-D item in the Viewmenu (see item 4.2.2).

1To Memory®

TLookT

1Viewt

+iShiftT

stores the spectroscopy results in the main memory (except for those read in the
TOneT mode) to save them afterwards together with the data file.

opens the menu for viewing all spectroscopy data stored in the main memory. The last
measured array is also available for viewing.

View << > Scan Srec |

viewing the three-dimensional spectroscopy data by specifying the points or the
measurements numbers. The markers automatically goes through appropriate
scan points, the spectroscopy results are displayed in the SCOPEwindow in the
form of two-dimensional diagrams.

manual control of the through-points movement.

1<<T (i>>T) viewing the previous (next) spectroscopy data array if available.
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displays the scanning results.

values in the range
specified in the 1OptionsT
menu are changed with
al/64 interval increment.
In the process the 1(U)
dependence is measured.
Such voltage-current
characteristics show the
guantum properties of the
sample.

Z values are measured in
the direction from the
surface within the range
specified in the 1OptionsT
menu with a 1/64 interval
increment. In the process
the 1(Z) dependence is
measured. The 1(Z)
dependence obtained on
pure unoxidizable metal
surfaces Au, Pt or on
HOPG surface makes it
possible to determine the
tipis quality, see éThe
Useris Guidei Appendix.

1Speci displays the spectroscopy results.
1OptionsT opens the menu for the spectroscopy mode parameters.
||1ude I(wd [|I(z) F(z)
[A/D Times 1 | |
[ut From -1.8 | |
[ut To 1.8 | [
[z > 366 | |
_|Filtr _|Scan _|Scope
TModeT selecting one of the three spectroscopy modes: (U), 1(Z) or F(2).
_ 1(U) 1(2) F(2)
NO N | Ata fixed Z value, the U At a fixed current quantity,

NN T | Measurement of the I(U) | The I(Z) dependence Changing Z from this
dependence is possible with | makes it possible to point to the scanner range
the use of conductive determine the cantileveris | limitin the direction from
cantilevers. functionality and the the surface, in the process
proportionality factor the | dependence is
between the registered measured, | meaning in
current and the interacting | this case photodiode
force between the probe misalignment current,
and the sample. proportional to the force
acting between the probe
and the sample. The 1(2)
dependence makes it
possible to determine the
cantileveris functionality
and some of the surface
properties
TA/D TimesT  sets the number of measurements at each voltage quantity (Z coordinates) for
averaging. (Only for the STM mode).
1Ut Fromt sets the initial value for tunnel voltage measurement in the 1(U) mode. (Only
for the STM mode).
TUt ToT sets the final value for tunnel voltage measurement in the 1(U) mode. (Only for
the STM mode).
1Z (A) sets the measurement range for the Z coordinate in the 1(Z) mode. In this mode

the tip when measuring moves in direction from the surface to the distance
specified in this item.
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1Scant

in case 1YesT is set the scanning is done in accordance with parameters spet-
fied in the Options menu, and spectroscopy is carried out in the specified point
(points) (only for I(V) and 1(2)); if iINOT is set scanning is not done, the tip is
initially set at the specified point (points) and spectroscopy is carried out.

Be careful! In case scanning parameters are changed after scanning but prior to
spectroscoping and NO setting is selected for a particular picture zone
spectroscopy points positions on the scan may not represent the actual ones.

1ScTpet

TFiltrT

if the YES setting is selected the results of each measurement in the spectra-
copy mode are moved to the SCOPEwindow immediately after measuring.

if the ON setting is selected data analog filtration is carried out, in the OFF -
sition filtration is not done.

4.2.5.3  Lithography mode control

iLithographyt opens the menu for the microscope cortrol in lithography mode i.e. surface influence
by means of voltage impulses (menu items are listed from left to right).
PFoint
Line
Picture
Execute
Open
Save
Options
1PointT Lithography in one selected point.
Lithographic influence is effected in a specified point.
iLineT Lithography along a selected line segment. Lithographic influence is effected along a
selected line segment.
1Picturet Lithography over a selected picture. The picture is defined by lineshe ends of which
are marked by pressing the IENTERT key. Lithography is done over the selected
picture.
1Shift+ENTERT over the whole selected picture including the line the end of which has
not been marked by pressing the IENTERT key. In case such unfinished line is
not available you should press the iIENTERT key and then Shift + ENTER or
use another option.
1Shift+ESCT  over the whole picture including the line the end of which has not been marked
by pressing the IENTERT key if such line is available.
iLoadT opens the files loading window.
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loading the template files for lithography having the extension i*.1iT. To carry out
lithography to the loaded template press Shift + any of the first three lithography start
commands.



Upper string
Files list

Scrolling bar

C:NPUBMNPYN= . 11

LN
FMNL-CHNT™
FTHP™

Sort —
[ Name

Time

Size

the path where the templates having the extension 1*.IiT are located is displayed
is displayed in the upper string.

in this window one template can be selected in the open directory from a ten-
plates list and loaded into the program

permits scrolling through the files list.

Additional commands:

iSortTMenu  permits to sort the files in the file list by their Name, Time or Size.
1CancelT cancels any selection and closes the Menu.
+1ShiftT loading the lithography template files having the extension 1*.IiT to a specified
location.
1Savet opens the window for lithography template saving.

[Input File Mame : =.1i

C:NPUBNP?N

saving a lithography template in a file having the extension 1*.1iT (the path and the
name of the template to be saved must be specified).

1Optionst opens the lithography parameters menu.

1Voltaget

TNumbert

1Z shiftt

TRateT

LITHO OPTIONS

[Voltage 18

|
|Humber 18 |J
|z shift © | [
|[Rate 16 | |

|step 1 |

sets the voltage to be applied to the sample with reference to the tip.

sets the number of impulses in every point. With the 0 setting ithography is not
effected (to create a template).

setting the tip displacement along the Z axis from the surface before lithgra-
phy start. With Z<0 voltage impulses are not applied and the tip just
iscratchesT the surface.

setting the impulse application rate in one point (if N>1).
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iStepT setting the step between lithographic influences, relative units. (1 - in all points
of the picture, 2 - in every second point etc.).

In the SFM mode lithography is done by the surface iscratchingT in case of the Z-
Shift setting as <0 in the Opt menu.

TProbe OptionsT  displays the parameters control menu.

PROBE OPTIONS

Set Point (nA) 8.8 |[LASER
Bias Uoltage(v) 8.2 | Z:=20 |
Feed Back Gain 1.8
| |Feed Back

R (A°) ¥ (A°) Z (A®)
8 o | @ |

1Set Point (nA)T sets the current quantity to be maintained constant by means of feedback
(tunnelling current for the STMmode and misalignment current for the SFM
mode).

1Bias Voltage (V)T sets the voltage quantity between the probe and the sample.
1Feed Back GainT factor inversely proportional to the feedback inegrator constant.
1Feed Backt  turns the feedback ON and OFF.

iLasert button turning the laser on and off. When the laser is on the symbol on the &-
ser switch button in the line-box turns red3

1Z:=Z07 relative Z axis coordinate reset-to-zeroD. This operation is also possible if you
point the mouse to the digital indicatoris window located in the upper central
part of the screen. This operation can be repeated if necessary several times.

1X(A), Y(A), Z(A)Tplacing the sample into the required position in relation to the fixed probe
along the X, Y and Z axis. The placing is done in real time (at the same time
various signals can be viewed in the SCOPEwindow).

TApproacht opens the iMoverT menu for approaching the sample fixed at the piezoscanner.

| moveR |
Backuard || Z8
Forward 28
Landing 20

| way 8.8 (nkM)

1Backwardt moves the step motor one step back.

+1ShiftT backward movement until interrupted by pressing the TESCT key.

3SEM mode: the turned on laser serves as a light source in the optical system for registration of the cantilever probe
deviations. STM mode: normally the laser is off, but it can be used as a lighting when positioning the sample.
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+1Shift+CtrIT backward movement until interrupted by pressing the TESCT key at the max-
mum Rate=20.

TForwardt moves the step motor one step forward.
+1ShiftT forward movement until interrupted by pressing the TESCT key.

+1Shift+CtrIT forward movement until interrupted by pressing the TESCT key at the max-
mum Rate=20.

iLandingT automatic sampleis approach until feedback is established.
It is possible to set for each type of movement a rate of its own from 1 to 20 conventional nonlinear units.
TWayT counter for the relative position of the step motor in pum# When pressed the
counter is reset to zero.
1EXItT exits the TMoverT menu.
iCalibrationt displays the Calibration menu where you can set the low order unit for the DAC

along the X and Y axis and for the ADC along the Z axis and for tunnelling current.

Calibration

ta®) 1.8

(n”) .8

M == X

1
(n®) B.64
a

I tnAd .B816

IXAT the piezoscanneris DAC step along the X axis (in Argstroms).
TYAT the piezoscanneris DAC step along the Y axis (in Argstroms).
1IZ(AT the piezoscanneris ADC step along the Z axis (in Argstroms).
TI(nA)T the tunelling current channelis ADC step.

WARNING:
The device calibration has been done by experts, therefore it is not recommended
to change it if you are not absolutely sure about what you are d oing.

TReset SPMT reset and initial installation of the electronic circuit parameters. This operation must
be carried out in case the power supply unit is turned on during the program
operation. When the program is loaded this operation is done automatically.

WARNING:

This operation involves the probeis displacement along the surface. In order to
avoid damage to the probe prior to this operation the probe must be removed from
the sample.

4as the step motor has some free travel its reading can take several seconds, in this time values in the i\WayT menu
can change up to 300 um though the real movement of the sample in relation to the probe is only starting which can
be seen by the graphic representation of the piezoscanner advance in the analog indicatoris window and by Z
representing this movement digitally.
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4.3
#

4.4
2]

4.5

Full-screen mode

changes the window to a full-screen size, if you press this button again the screen
returns to its original view.

Help

displays the help window.

The bottom line of the 1ISPM-(SFM/STM)T window.

It is located in the bottom part of the main window.

4+

)

TAT/TBT

= =

34
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splits the main window into two windows (The same status line appears in the bottom
of each window). If this button is pressed again in any of the two windows this
window is enlarged to the size of the main window.

R A v v B | o]

activates one of the windows.
scrolls up the pages of the loaded file.

scrolls up the pages of the loaded file.
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5. The Oscilloscope window

=] _kxt ao

File | Scale View Edit Options | 4| 7]

5.1 Window parameters

1CloseT

TFramet

TCancelT

T1OKT

5.2

EXT | GO |

displays the menu for the oscilloscope window positioning:

Franme. ..

Close

closes the oscilloscope window.

displays the menu for the oscilloscope window positioningi Frame Settingt,
where you can select from the given examples the required size and position for
the window.

| Framo Sotting |
|

—
— | —

Cancel | OK |

cancels the size selection (closes the menu without changing the size of the G-
cilloscope window).

confirms the oscilloscope window size and position selection and closes the
menu.

Oscilloscope control menu

File | Scale | View | Edit Options

5.2.1
XTT

Oscilloscope connection port setting

displays a list for the oscilloscope connection port setting.

“A

LFHM

EXT
ExIn
G nd
HWY X
HU %
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1T relationship between the tunnelling current/misalignment current in the wok-
ing direction and the time.

1207 relationship between the scanner extension and the time.

ILFMT relationship between the photodiode misalignment current in the non-working
direction and the time.

1EXTT external port for viewing scan sections, spectroscopy data.

1EXINT signal from the external port.

1GrndT signal from the TgroundT.

THV XT voltage at the piezoscanner along the X axis.

THV YT voltage at the piezoscanner along the Y axis.

5.2.2 Measurements start/stop

1GOT measurements start/stop.

+1ShiftT clears the data buffer before starting / after stopping the measurement.
5.2.3 File operations

TFileT opens the file operations menu.

Open Save

iOpent loads external or earlier saved two-dimensional arrays data nto the window.

C:MNP7N*_ 0= -
N ]

Sort —
Name
Time
Bize

Upper string  the upper string displays the path where the two-dimensional arrays data files
with 1*.0sT or 1*.datT extensions and corresponding to the set parameter are
located.

Files list in this window one two-dimensional arrays data file can be selected in an open
directory from the list of two-dimensional arrays data files and loaded into the
program.

Scrolling bar  permits scrolling through the files list.

Additional commands:

1SortT Menu  permits to sort the two-dimensional arrays data files in the file list according to
their Name, Time or Size.

1CancelT cancels any selection and closes the Menu.

1SaveT saves two-dimensional array data in a separate file (the path and the array name must
be specified).
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|Input File Name : =.o0s

CINPPN_

5.2.4  Scaling the displayed data

1Scalet

IX&YT
+ 1CtriT
+ 1ShiftT
iXT

+ 1ShiftT
Yt

+ 1CtriT

+ 1ShiftT

displays the menu for scaling the displayed measurements.

xav | x | v ||

scaling along the X or Y axis.

the signal sent along the X axis takes 10% of the scale.

manual change (if the Shift key is pressed) and positioning of the scale. When

the required scale is selected press iESCT or the right mouse button.
scaling along the X axis only.

manual change (if the Shift key is pressed) and positioning of the scaé. When
the required scale is selected press iESCT or the right mouse button.

scaling along the Y axis only.

the signal sent along the Y axis takes 10% of the scale.

manual change (if the Shift key is pressed) and positioning of the scale. When

the required scale is selected press iESCT or the right mouse button.

5.2.5  Viewing the digital values of the measurements for various points

TViewT

displays the menu for viewing the digital values of the measurements forvarious
points.

T x-|[ 9872  v-|[8.19

pointis number.
viewing the digital values of the measurements for points along the X axis.

viewing the digital values of the measurements for points along the Y axis.

5.2.6  Two-dimensional arrays processing

1EditT

-/ -/
- wm >
g9 3

displays the menu for two-dimensional arrays processing.

X¥ |72 |<1|a3|as|n3 |Ms |

viewing the digital values of the measurements for points.

deletes every second point from the array (to reduce over-sized arays).
deleting points with equal pairs of values.

averaging data for three points.

averaging data for five points.

median filtration of data for three points.

median filtration of data for five points.
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All operation (except for the first one) result in an unrecoverable loss for a part of
data in the two-dimensional array.

Various parameters are represented in the label if different settings are selected for the oscilloscope input

5.2.7
1OptionsT
5.2.7.1  1SIGNALST label
port.
SCOFE OPTIONS

J,Signals\TDrau\rCDlurs\TFilew

EXT CLEAR

B—Axes Y-Axes
=a 213.8 ¥8a 8.8
Norm B.6875 Norm 0.804
Name kH MName

T1CLEART clearing the data buffer.

1X(Y)-Axest specifies the initial points
1X0(Y0)Tand the norming coefficients
1X(Y) normTand names 1X(Y) nameT for

Diagrams in-window display parameters.

displays the menu for the diagrams in-window display parameters.

SCOPE OPTIONS

J/Signals‘TDPau\rCDIUPS‘TFiIBW

1 | 60| CLEAR| [¥Repeat
Period(ns) 18 | x188 |
R-Axes Y-Axes
ve 0.8
M= |[Sec Min| Norm B.8016
Mame nA

TGOT measurement start.
TCLEART clears the data buffer.

TRepeatT sets repeated measurement screen by
screen

the axis. 1Period (ms)T time interval between measure-

ments
1x100T multiplier for Period.

1X-AxesT specifies either units of measurement
or the parameters similar to those for 1Y-
AXesT (see below).

T1Y-AxesT specifies the initial points1YO0T and
the normalizing coefficients 1Y normt
and names 1Y nameT for the axis.

1EXTT displays a pull-down menu for the oscilloscope incoming port selection.

I

Z8

LFH

EAT
ExIn
Grnd
HY =
HVY ¥

relationship between the tunnelling current/misalignment current in the wok-
ing direction and the time.

1207 relationship between the scanner extension andthe time.
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iLFMT

1EXTT
1EXINT
1GrndT
THV XT
THV YT

5272 1

1Pause (sec)T

1Gridt
iDraw StyleT

1Scalingt

iDOT

relationship between the photodiode misalignment current in the non-working
direction and the time.

external port for viewing scan sections, spectroscopy data.
signal from the external port.

signal from the igroundT.

voltage at the piezoscanner along the X axis.

voltage at the piezoscanner along the Y axis.

DRAWT label

SCOPE OPTIONS

Signals Drau\rCDlurs\TFilew

Pauselsec) B |rE;TE_
Drauw Style

FPixl Dot | Lni |[Ln3
Scaling

| oee_x | o w0 |

pause between the data bufferis filling and its clearing (in case the Repeat parameter in
the Signal menu under the gray button is set in the ON position).

when in the ON position the scaling grid is displayed.

diagrams drawing using points of different styles. Press thei PixT button to use points,
the Dot button to use large points, the iLn1T button switches to a thin ling, the
1Ln3T button to a thick line.

when pressed automatic scaling is done only along the X axis -1XT button, only along
the Y axis - YT button or along the both axis - 1X&YT button, scaling is not done -
1OffT button.

do the selected scaling.

5.2.7.3 1COLORST display label

TDrawT
1DigitsT

TLetterst

SCOFE OPTIONS B
fSignals\TDrau\rCDlurs File

Top Back

Draw | || |
pigits (NN [
Letters - |:|
Grid [ ]

drawing color.
digitsi color.

lettersi color.
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1Gridt gridis color.

1Backt the background color.

5.2.7.4 Data format label - TFiler

SCOPE OFTIONS

rSignals TDrau TCD]DI"S TFile

File Format ——

- *_ pz — Binary
r*.dat - ASCII

1File Formaft sets the data format to be saved to the disk:
1*.0sT the systemis own format saving the initial points and the axis scale;
1*.datT ASCII file for X, Y values.

1EXItT closes the menu for diagrams in-window display parameters setting.

5.3 Full-screen mode

ﬂ changes the window to a full-screen size, if you press this button again the screen
returns to its original view.

54 Help information

| displays the help information text for the oscilloscope window.
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6. TEDITORT window

=| Edit |Put|Open |Save | 4| 7]

In this window it is possible to create or edit a text file up to 100 lines long. To enter the editor press the
1EditT button, to get information about the editor press Flor 17T.

--—- EDITOE COMMARDE ----
Character left/right Left / Right arrow

Line ups/down Up / Down arrow
Page upsdown Pglp / Pghn

Top Line Ctrl Pglp

Bottom Line Ctrl Pgllp

DIelete line Ctrl-Y%

Clear text buffer Alt C

Exit. ESC

6.1 The text editor window positioning menu

ﬂ displays the text editor window positioning menu:

Frane...

Close

1CloseT closes the text editor window.

TFramet displays the menu for the text editor window positioningi Frame Settingr,
where you can select from the given examples the required size and position for
the window.

| Framc Setting |
e
|| |

-
J —

Cancel | DK |
1CancelT cancels the size selection (closes the menu without changing the size of the text
editor window).
T10KT confirms the text editor window size and position selection and closes the menu.

6.2 Editor control menu

Edit |Put|0Open|Save |
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T1EditT activates the cursor in the editoris window to enter information, notes etc.
about the loaded file.

=|[Edit Put|Open|Save

Here you can write information
about the file.

#| 7]

16 2
TPutt puts the text to a page in RAM memory that can be saved together with the
images
1Opent opens the TFile OpenT window (for a text file loading).
(Cipreo ]
(SN ]
Sort —
Hame
Time
Size
1SaveT opens the file save box for a file with the T*.txtT extension (file name and directory

must be entered in case the directory is different from the default one).

[Input File Mame : =.txt

CINP?N_

6.3 Full-screen mode

ﬂ changes the window to a full-screen size, if you press this button again the screen
returns to its original view.

6.4 Help

ﬂ displays the help information on the text editor.
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7.

Quick Access Tools Bar

See item 2.1.2 1Tools BarT.

Button 1 4\ S
2D | 3W |
Button 3 4\ = (ﬂ:/—
Button 5 4\ j:E‘ ‘/—
2L

Buttonl — /—
Cut|Sub|

Button3 T FFT| a3 /—
I~ il

Buttonl — —— P
IHYZ ([ Dis
Fl

Button 3 4\

Button 1 4\ /—
NMne | RUM

Button 3 ] — -
FBor @/

Button 1
Button 3

Button 5

LT+ | RUM

1L € . ) |Look

Put|[ LN

Buttons overview (from left to right, from top to bottom)
For all buttons providing access to tools:

- quick pressing triggers the action of the device shown on the button;
- when a button is kept pressed for several seconds the tools selection menu is displayed. The

selected tool remains on the Quick access tools bar.

7.1

Button 1

12DT

+iShiftT
1I3WT

Viewing window

opens the menu:

2D|3H|3G|3L ”

Button 2
Button 4

Button 6

Button 2

Button 4

Button 2

Button 4

Button 2

Button 4

Button 2
Button 4

Button 6

data presentation in top view - X and Y coordinates are expressed in angstroms (A),
nanometers (nm) or micrometers (um), height or current, depending on the scanning

mode, are presented in the form of a color palette. (similar to12DT see item 4.2.2.1).

selection of the viewing scale.

data presentation in a three-dimensional surface form. The picture is drawn in the

form of a net based on points where measurement of the tunnelling current have been

done, which become apparent with a small quantity of points or in case of

magnification. (similar to 13D WireT see item 4.2.2.1).
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+1ShiftT viewing scale (if the Shift key is continuously pressed) and point of view selection

+iCtrIT after the picture is drawn in the form a net the picture filling is carried out

13GT three-dimensional picture display in a geographic palette. (similar toi3D Geot see
item 4.2.2.1).

+1ShiftT viewing scale (if the Shift key is continuously pressed) and view point selection.

13LT three-dimensional picture display in the lighting mode (similar toi3D LightT see item
4.2.2.1).

+1ShiftT viewing scale (if the Shift key is continuously pressed) and point of view selection

+iCtrIT the lightning source position selection.

Button 2 similar to 1.

Button 3 opens the menu:

Iy | de |5 |

scale selection (similar toiScaleT see item 4.2.2.3).

view point selection for 13DT (similar to1View PointT see item 4.2.2.3).

B [ |

light source position selection fori3D LightT (similar to iLight PositionT see

item 4.2.2.3).
Button 4 opens the menu:
@ selection and magnification of a picture area (similar toi Zoom InT see item
4.2.2.1).

- demagnification of the picture by twice (similar toiZoom OutT see item
4.2.2.1).

all data in full-screen.

Button 5 opens the menu:

alzlz|

g Picture zone selection the coloration of which will employ all of the color p&
ette, in the process the highest and the deepest zones may not be displayed e-
maining in the memory. To return to the previous coloration you should po-
ceed with this operation over the whole picture. (similar toi Area Colorationt
see item 4.2.2.3).

Palette selection (similar to 1GetT see item 4.2.2.3).

N \ll

displays the palette editing menu (similar toiRGB-PaletteT see item 4.2.2.3).
Button 6 opens the menu (similar to iDraw OptionsT see item 4.2.2.3).
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Draw Options

‘Digits »OFF  HYEZ @& C

‘Units »A® i SuM

‘21:: Smoth >Off <& On >0On+

‘31:- Smoth [Off A3|Nn3|as5|ns|

_lGrid |Backgruund _

1Digitst coordinate axis type selection.
1XYZT- digital values are displayed for the scan coordnate axis;

1XYZ&CT- digital values are displayed for the scan coordinate axis and a color
altitude scale for Z-coordinates;

T1OffT- digital values for the scan coordinate axis and a color altitude scale are
not displayed.

TUnitst sets the measurement units for the coordinate axis:
iAT-angstrom;
TnMT-nanometers;
TuMT-micrometers.

12D Smootht  picture smoothing in top view.

13D SmoothT  after a three-dimensional picture has been plotted the selected picture filtation
is done automatically.

1Gridt when turned on a coordinate grid net is displayed (in top view - RDT)
iBackgroundt the background color selection.

T10KT exit the 1Draw OptionsT menu.

1.2 1EditT window

Button 1 opens the menu:

Cut|Eer|Eub|P ik|F—H|F—"1'|F lt”

iCutt cuts the selected part of data (similar toiCropT see item 4.2.3).
1Zert displays the associated menu (similar to1Set Area toT see item 4.2.3).
1Zerot assign to the selected data the zero value for Z-coordinates.
Zero

TMinimumt assign to the selected data a minimum area value from the selected

Minimun part Z-coordinates array.

1SubT displays the Surface Subtract menu (similar toiSubtract
SurfaceT see item 4.2.3).
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11st Order from Imaget surface substruction. This operation elimi-

1=t Order from Image nates the inclination effect appearing as a result of
Z2nd Order from Image drifts and absence of perpendicularity between the
1st Order from Area probe and the surface.
Znd Order from Area 12nt Order from Imager 2nd surface subscription.
11st Order from Arealr surface substruction from the whole data
array, but the surface formula is calculated from
the selected area. (This is necessary to save the real
surface configuration, for instance, the step form
on HOPG - Highly Orientated Pyrolytic Graphite).
12nt Order from Areal second order surface substruction from the
whole data array, but the surface formula is cala-
lated from the selected area.
1PIkT cuts sharp pikes from the picture (similar
to 1Cut pikest see item 4.2.3).
+iCtrIT cuts sharp cavings from the picture.
+1ShiftT the width of a pike or a caving is determined and all that is less than or equal to
is equalized.
TF-XT equalizes the mean lines values along the X axis.
This function is designed to eliminate the defects due to errors in the course of
scanning along the X axis. (similar toiFit X-linest see item 4.2.3).
1F-YT equalizes the mean lines values along the Y axis.
This function is designed to eliminate the defects due to errors in the course of
scanning along the Y axis. (similar toiFit Y-linest see item 4.2.3).
TFItT displays the data filtration menu (similar toiFiltrT see item 4.2.3).
Button 2 similar to Button 1.
Button 3 opens the menu:
A3 ‘ AS ‘ H3 | [y [ |FFTH
TA3T filtration by the average value of a 3X3 square. (similar toi Average 3x3T see
item 4.2.3).
+1ShiftT filtration by the pattern. Weights are specified by the user.
+iCtrIT filtration of the picture only, i . e. only the graphic image is filtrated but not the
data for its plotting. In this way it is possible to filtrate a *.pcx file loaded in the
program.
TAST filtration by the average value of a 5X5 square. (similar toi Average 5x5T see
item 4.2.3).
+1ShiftT filtration by the pattern. Weights are specified by the user.
+iCtrIT filtration of the picture only, i.e. only the graphic image is filtrated but not the
data for its plotting. In this way it is possible to filtrate a 1*.pcxT file loaded in
the program.
TM3T median filtration by the 3X3 square. (similar toiMedian 3x3T see item 4.2.3).
+1CtriT filtration of the picture only.
TM5T median filtration by the 5X5 square. (similar toiMedian 5x5T see item 4.2.3).
+1CtriT filtration of the picture only.
TFFTT Fourier direct or inverse transformation. In case the scan dimensions in points
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will be proposed to cut a part of maximum size data suitable for treatment by
means of Fourier transformations. (similar toiFourierT see item 4.2.3).



Button 4

7.3
Button 1
IXYZT
1DisT
+iShiftT
TANgT
+iShiftT
IiXT
YT
IXYT
1Stat
1SyT
1Sal
1Sqr
1SskT
1Skul

similar to Button 3.

Tools window

opens the menu:

HTE‘Dis‘Hng‘—H—‘—&'—‘ aY ‘Eta

displays in the upper line of the main window the status string showing the
coordinates for the selected point (similar toiCoordinatesr see item 4.2.4).

displays in the upper line of the main window the status string showing the distance
between two selected points in the XY plane. (similar toiDistanceT see item 4.2.4).

displays the distance between two selected points in the XY Z space.

displays in the upper line of the main window the status string showing the angle
between two selected directions in the XY plane. (similar toi AngleT see item 4.2.4).

displays the angle between two selected directions in the XY Z space.

displays a section along the X axis in the selected location. (similar toi X SectionT see
item 4.2.4).

displays a section along the Y axis in the selected location. (similar toi Y Sectiont see
item 4.2.4).

displays an arbitrary stretch section. (similar toiArbitrary SectionT see item 4.2.4).

the followings coefficients are calculated for the selected area (similar toi Statisticst
see item 4.2.4:

Sy = 559.538 wnH
Sa = 95.938 N
Sq = 122.112 wnH
sk = 1.48563
Sku = 8 .866898

peak to paek value (1SO 4287/1):
Sy = Zinax = Zmin
average surface roughness (DIN 4768):
188 /.
S, =N aa ‘Z(I,J}
i=1 j=1
surface root-mean-square (1SO 4287/1):

189
Sq:\/Nzaazz(i,j)

i=1 j=1

surface skewness (1SO 4287/1):

Sy = L éNéNz3(i i)
* N28q3 i=1 j=1 ,

surface kurtosts (AN between points):
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Ny
aaz(ij)

Sk = Nzca
! N Sq i=1 j=1
Button 2 similar to Button 1.
Button 3 similar to Button 1.
Button 4 similar to Button 1.
7.4 Scanning parameters window
Button 1 opens the menu:
One ‘Han ‘ MxHN |Huu ‘
10neT a single scanning will be done at the area selected using theiBorderT menu.
(similar to TOne ScanT see item 4.2.5).
iManT scanning will be done at the area selected using the iBorderT menu until inter-
rupted by pressing the iESCT button. (similar to iMany ScansT see item 4.2.5).
TNXNT displacement will be done according to the following scheme. The ovelap de-
gree is specified in 1OptionsT - TNXNT menu (similar to iNxN ScansT see item
4.2.5).
_4—
[<—
—>_
TMovt displacement direction is ecified using the cursor control keys in the course of
scanning. The actual displacement is done after scanning. (similar toi Move
ScansT see item 4.2.5).
Warning:
In all multiple scanning mode only the last scan can be processed and saved to the
disk.
Button 2 TRUNT starts the scanning mode.
Button 3 1BorT selection of the scanning area dimensions and the start point (similar to
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;;J
[sx=16.0  [s¥-18.0

Button 4 opens the menu for the microscope operation in the scanning mode (similar to
iScanning Optionst see item 4.2.5.1).

SCANNING

__0ff  |Normal |Height | off |
r r

7.5 Spectroscopy window

Button 1 opens the menu for spectroscopy modes selection:

EIEE
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(V) 1(2) F(2)
STM | Ata fixed Z value, the U At a fixed current quantity,
values in the range Z values are measured in
specified in the iOptionst | the direction from the
menu are changed with surface within the range
al/64 interval increment. specified in the 1OptionsT
In the process the 1(U) menu with a 1/64 interval
dependence is measured. increment. In the process
Such voltage-current the 1(Z) dependence is
characteristics show the measured. The 1(Z)
guantum properties of the | dependence obtained on
sample. pure unoxidizable metal
surfaces Au, Pt or on
HOPG surface makes it
possible to determine the
tipis quality, see éThe
Useris Guidei Appendix.
SFM | Measurement of the 1(U) The 1(Z) dependence Changing Z from this
dependence is possible with | makes it possible to point to the scanner range
the use of conductive determine the cantileveris | limitin the direction from
cantilevers. functionality and the the surface, in the process
proportionality factor the | dependence is
between the registered measured, | meaning in
current and the interacting | this case photodiode
force between the probe misalignment current,
and the sample. proportional to the force
acting between the probe
and the sample. The 1(2)
dependence makes it
possible to determine the
cantileveris functionality
and some of the surface
properties
Button 2 TRUNT spectroscopy is done
+ 1ShiftT runs of measurements until interrupted by pressing the TESCT key.
Button 3 opens the menu:
(.)‘EB ‘Ln |Gr- ‘
10T spectroscopy in one selected point Spectroscopy is done one time in the specified
point. (similar to TOneT see item 4.2.5.2).
1501 making a run of 50 measurements in one point. The results of all measurements are
displayed upon completion in the form of a three-dimensional picture, where along the
X axis - U or Z, along the Y axis - the measurementis number, the color gamut -
current. (similar to 1x50T see item 4.2.5.2).
iLni making a run of measurements along a selected line. The results of all measurements
are displayed upon completion in the form of a three-dimensional diagram, where
along the X axis - U or Z, along the Y axis - the measurementis number, the color
gamut - current. I(U)[1(Z)] is read in every point where measurement was done when
scanning, along the selected line with step equal to the scanning step.(similar toi LineT
see item 4.2.5.2).
iGn runs of measurements at points of a selected grid. Number of points in the grid is set
using the élefti, érighti arrow keys or appropriate mouse movements. The results of all
measurements are displayed upon completion in the form of a three-dimensional
diagram, where along the X axis - U or Z, along the Y axis - the measurementis
number, the color gamut - current. (similar to1GridT see item 4.2.5.2).
Button 4 opens the menu for viewing all spectroscopy data stored in the main memory. Tle last
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measured array is also available for viewing. (similar toi LookT see item 4.2.5.2).



Button 5

Button 6

View <L > Scan Spec |

1ViewT

+iShiftT
<<t (i>>7)
iScanT

1SpecT

viewing the three-dimensional spectroscopy data by specifying the points or the
measurements numbers. The marker automatically goes through appropriate
scan points, the spectroscopy results are displayed in the SCOPEwindow in the
form of two-dimensional diagrams.

manual control of the through-points movement
viewing the previous (next) spectroscopy data array if available.
displays the scanning results

displays the spectroscopy results

TPutT puts the set of curves to a page in RAM memory that can be saved together
with the images

opens the menu iSpec OptionsT (see item 4.2.5.2).

TModeT
TA/D TimesT

TUt Fromt
TUt ToT

1Z (A)

1ScanT

SPEC OFTIONS
||1ude ICv) |[ICz) F(=z)

[a/D Times 1 | |
[ut From -1.8 | ]

[ut 1o 1.8 | [

[z ) 36.6 | |

_|Filtyr _|Scan _|Scope

selection of one of the three spectroscopy modes: 1(U), 1(Z) or F(z).

sets the number of measurements at each voltage quantity (Z coordinates) for
averaging. (Only for the STM mode).

sets the initial value for tunnel voltage measurement in the 1(U) mode. (Only
for the STM mode).

sets the final value for tunnel voltage measurement in the 1(U) mode. (Only for
the STM mode).

sets the measurement range for the Z coordinate in the 1(Z) mode. In this mode
the tip when measuring moves in direction from the surface to the distance
specified in this item.

in case 1YesT is set the scanning is done in accordance with parameters spet-
fied in the Options menu, and spectroscopy is carried out in the specified point
(points) (only for I(V) and 1(2)); if iNOT is set scanning is not done, the tip is
initially set at the specified point (points) and spectroscopy is carried out.

Be careful! If scanning parameters are changed after scanning but prior to
spectroscopy and NO setting is selected for a particular picture area, spectroscopy
points positions on the scan donit represent the actual ones.

1ScopeT

TFiltrT

if the YES setting is selected the results of each measurement in the spectra-
copy mode are moved to the SCOPEwindow immediately after measuring.

if the ON setting is selected data analog filtration is carried out, in the OFF -
sition filtration is not done.
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1st Order from Area
1st Order from Image
2 1 SRR

11 2N I T | o | S SR PURPRR
3D SMOOth.....uviiiiiiiiiiiiee e,

AVEIAGC ...ttt

Draw OPLtioNS ......cceevvieeiiieeciee e 18; 47
Draw STYIE ..o 40
DOttt s 40
LN s 40
LN s 40
PIX ettt e 40
DIraWing .oc.veeeeeerieeeieeiee e 26
DUPHICALE. ...

Average 3X3 EXT e 36; 37; 40
Average 5X5 EXTENSION ..o 15
\% \\%
BACK ...ttt 41 L e
BacKground ........ccceveieeiiieeiiiie e srieeessieeeeieee s 18, 47 e 9;13; 14, 42
Backward............ooooiiiiiiii e 33 F O e, 9
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LaASEE cevvvviiiieeieee e 6; 10; 11;
=] 1 =] O UUUORRPPPRN
LEM e 37;
Light POSItION .....ccooviiiiiiiicic e 16;
YT L= 8;17; 28; 31;

REIALIVE ...t 24
REPEAL.......coiiieie s 39
RESELSPM ... 34
RESOIULION....eeiiiiiiieecc e 7
RGB-Palette.............coooveeeennrnnn 7;8;9;16;17; 18; 47

SAVE ..ottt 6; 8;14; 17; 32; 38; 43
SAVE BS...evvriiiiiiiieeeeeeeeeeerrrr e rr e e e e e e e e e erarar i ———————— 6
SCAIE e 16; 38; 46
D ST 38
KEY o ———— 38
D SRR 38
SCAING..cciiiieiiie et 38; 40
(O ) 1 40
D ST 40
KEY e ————— 40
Y s 40
SCAN ..o 25; 28; 29; 30; 53
SCAN & PUSH ... 28
SCAN A et —————— 23
EXEINPUL.....ooiiiee e 23

HEIght ... 23



SCAN B oottt 23 UNItS.coiiii s 18; 47
Lateral FOICE. .. vvveeeeeeeeeeeeeeeeeeeee et eeeeeeeeeeeaens 23 A 18; 47
NOIMAI FOICE ..ttt 23 NM L 18; 47
OFff e 23 UM 18; 47

SCAN DT ettt et eee e enes 25 Upper string..........ccovviecenininen, 6; 8; 13; 32; 38

SCANNING......cvevevereeeeiereeeeeseemesste s e eree et en s, 22 Ut From ..o 30; 53

SCANNING OPLIONS.......cvcvrreeverereceeieseeeeeeee s e 51 UL TO. s 30; 53

SCANS AL POINT ....eeiiiiiieieeie e 26

SCANS OVETIAY ..o 26 \Y4

SCOPE 1............. .

SCOPE 2. V_eIouty ..................................................................... 25

Scrolling bar VIBW it 15; 29; 38; 53

SEt AFCATO ..o %(7 """""""""""""""""""""""""""""""""""""""""""""""" gg

P TV PR Lo I A N L L R L L T
Set Point O 38
VIBW POINt...coiiiiiiiiiiiieeeee e 16
VOIAGE ..ot 32
%
WY ..o 34
WHhOIE SCreeN ......ccooieiiieteeeeee e 15
' WINAOW....iiiiiiiiieeteese e 4
Ot 1 ' %I

SUDPIANE ... 26 B 4 210 ] 1 1 PO PP P PP UPPPPTPTO 39
Subtract SUrface.......ccoevvveeiiiie e 19; 47 Y 0ttt ettt s 39

Sy e 21; 49
SYSRGS ... 7 Z I
T I Zi=Z0 i 11; 27; 33
Z STt 32

Tools
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