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PLEASE, READ

Notice: A delivery set of your device may differ from the set described in the given manual.
For more detailed information refer to the specification of your contract.

Copyright:  No part of this manual for no purposes may be reproduced or transmitted in any form
and by any means, electronic or mechanical, including photocopying and video-
recording, without a written permission from the NT-MDT company.

GENERAL SAFETY MEASURES

o Observe safety measures for operation with electrical installations. Prior to begin operation with
the device, provide its grounding. Prior to connect or disconnect the connectors, turn off the
device. Connecting or disconnecting of the connectors in the process of work may lead to
damage of the electrical circuit and death of the device. Warning label is located on the back
panel of electronics block.

e Observe safety measures for operation with instruments having laser radiation source.
Do not stare into beam. Warning label is located on the measuring head

AVOID EXFOSURE

Lamar Radiation

b
olrell .

LASER RADIATION
DO NOT STARE INTD BEAM

MAX CUTPUT <1 mW
WAVELENGOTH 620580 am
CLASE N | CLASS 2
LASER PRODUCT

e Do not disassemble any part of the device! Disassembling of the product is permitted only for
experts certified with the NT-MDT company.

e Do not connect additional devices to the instrument without advice from NT-MDT specialists.
e Protect the device from powerful mechanical effects.
e Protect the device from the effect of high temperatures and liquids ingestion.

e When transporting, provide packaging of the device which eliminates damage in the process
of transportation.
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Chapter 1. First time installation

1 Firsttime installation

1.1 Interface board installation

As mentioned above, normally the control PC is supplied with the pre-installed interface board. If
the control PC is supplied separately, the interface board can be installed by either a certified
installation engineer or by the customer.

To install the interface board, follow this procedure:

Disconnect the control PC from the wall outlet;
Open the PC case;
Select an empty PCI slot on the motherboard where you want to install the interface board;

M w0 DN e

Remove (unscrew) the gap closure from the selected slot. Insert the board accurately into the
slot against stop. Make sure the board is installed in the slot evenly without any skew;

o

Fix the interface board using the screw from the gap closure;

Make sure no cords and wires touch the board. If necessary, fasten free cords properly inside
the PC case.

7. Close the PC case and connect it to the wall outlet.

1.2 Software setup

1. Turn on the control PC;
2. Insert the setup disk into CD-ROM drive;
3. Runsetup.exe. The “NT-MDT Nova installation”” window appears:

#2 NT-MDT Nova installation x|

pragram will inztall MT-MDOT Mova on gour

% Welcome bo MT-MDT Mova Setup program. T his
= computer.

It iz strongly recommended that pou exit all Windows programs
befare unning thiz Setup Program.

Click Cancel to quit Setup and cloze any programs you have
running. Click Mest to continue with the Setup progran .

WARMIMG: This program is protected by copyright law and
international treaties,

Unauthorized reproduction or diztriibution of this prograr, or ary
portion of it, may rezult i eevere civil and crminal penaliss,
and will be progecuted to the marimunm extent pozsible under
lam.

Cancel |

Fig. 1-1

To begin the installation, press “Next”
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4. The “License Agreement” window appears:

:',':—-_ License Agreement 5[

Fleaze read the following HT-MOT licenze agreement. Uze the
zorall bar to wiew the rest of this agreement.

IMPORTAMNT - READ BEFORE COFYIMNG, INSTALLING OF -
LSIMG.

Do not copy, inzstall, or uze the "tatenals" provided under this
licenze agreement [“Agreement'], untl pou have carefully read
the follawing terms and conditions.

By copying, installing, ar othenwize using the katerials, you
agree to be bound by the terms of thiz Agreement. [F pou do
not agree ko the terms of this Agreement, dao not copy, install,
or uze the b aterials.

Do yow accept all the termz of the preceding license agreement? |f
z0, click on the ez push buttan, [f pow select Mo, Setup will close.

Fig. 1-2

If you agree with all the terms of the license agreement, press “Yes”. If you select “No”, Setup
will close.

5. Select a destination folder where Setup will install the “NT-MDT Nova software”.
By default the destination folder is “C:\Program Files\NT-MDT\Nova”;

;"3-_ Choose Destination Location il

Setup will install HT-MDT Mava in the following folder.

To inztall into a different folder, click Browse, and zelect
another falder.

Y'ou can choose not toinstall MT-MDT Mova by clicking
Cancel to exit Setup.

Deztination Folder
’7E:\F'ru:ugram FileshMT-MDOTAMova Browsze. . |
< Back Cancel

Fig. 1-3
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6. To begin the installation, press “Next” in the “Start NT-MDT Nova Installation” window;

3, Start NT-MDT Nova Installation =]

You are now ready ta install NT-MDT Mova.

Frezs the Mext button to begin the inztallation or the Back
buttan to reenter the installation information.

< Back

Cancel |

Fig. 1-4

7. Setup will begin copying files into the destination folder.

=101

) ©

— Current File

Copying file:
o SHT-MDTSMovas\MLCorDLL. dl

— Al Files

Time Remaining 0 minutes 25 seconds

< Back [ewt = | Cancel I

Fig. 1-5
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8. In case you repeat the installation, the installation program can create backup copies of all files
replaced during the installation. In the “Backup Replaced Files” window select if you want to
create backups of the replaced files and the directory where the replaced files will be copied.
By default the directory is “C:\Program Files\NT-MDT\Nova\BACKUP”.

43 Backup Replaced Files x|

Thiz inztallation program can create backup copies of all files
replaced during the inzstallation. Theze filez will be uzed when
the zoftware iz uninstalled and a rallback is requested. |
backup copiez are not created, you will only be able to uninstall
the software and not ol the system back to a previous state.
Do you want to create backups of the replaced files?

* Yes
" Mo

Pleaze zelect the directony where the replaced files will be
copied.

Ch AMT-MODTSMovasBACKUR Browsze. . |

"Eackup File Dreztination Directon

< Back

Catcel |

Fig. 1-6

9. The “PNL driver installation” window appears;

42 5pM driver installation x|

SPM driver will be installed on wour system.

Click the Inztall button to run SPR installation.

Install |

Fig. 1-7

10
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10. Restart your computer before the new settings will take effect;

e A o
S NT-MDT Nova Installation Complet x|

MT-t0T Mova has been successfully installed.

Prezs the Finish button to exit thiz installation.

System Settings Change ﬂ

e \i}/ You must reskart your compuker before the new settings will take effect,
-

Do you wankt ta restart your compuker now?

Yes Mo

< Back I Finizh » I Canczel

Fig. 1-8

11. The Nova icon appears on your desktop after successful installation.

1.3 Connection of electromechanical units of the instrument

¢
¢

Switch  off the computer and the controller before making any
connections/disconnections. Disconnection or connection during the device operation
can result in damage of the electronic circuit and failure of the device.

Procedure of connection for Solver PRO-M model is different for Solver PRO model
and will be described below

In order to connect the instrument units perform the following actions:

1.

Use the cable to connect the approach unit and the measuring head to the switching unit
(see Fig. 1-9) observing the connector labels.

11
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Fig. 1-9 Switching unit
1 —instrument base, 2 — switching unit, 3 - reciprocal connectors of the switching unit

@\ The switching unit has two identical SCANNER connectors.

2. Connect the switching unit with The SPM controller as follows:

For a configuration with the CLE:

When working with the CLE, the instrument is connected according to the scheme presented
on Fig. 1-10.

Equivalent
Scanner

SPM

scamer | | "somor” | Controller

CLE Controller _
| “Equivalent” |
| “Scanner”

SPM

Fig. 1-10 Connecting scheme of the instrument units when using CLE

12
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For a configuration without the CLE:

Connect the switching unit to the SPM controller observing the connector labels.

& SPM controller has two identical SCANNER connectors.

1.4

Ground the SPM controller.

Connection specifics for Solver PRO-M

Solver PRO-M delivery set includes the scanning measuring head with capacitance sensors.
Besides that, Solver PRO-M uses another model of the controller (see contract specification).
The CLE is not included in the delivery set of the instrument.

In order to connect the Solver PRO-M units perform the following actions:

1. Connect the approach unit cable to any reciprocal part of SCANNER connector on the
switching unit.

2. Connect the scanning measuring head to the SPM controller using HEAD and
CONTROLLER 2 cable connectors.

Connect the switching unit to the SPM controller using SCANNER cable connector.
Ground the SPM controller.

Instrument and control software launch

Connect controllers to a wall outlet.

@ Controllers have a universal input and may be connected to any AC power
point between 90 and 240V (50/60Hz) once the voltage switcher is preliminary
set to the position appropriate for your power specification. Disregard of this
condition may lead to electronics damage.

Turn on the computer.
Run the control software using one of the following methods:

- desktop program icon;
- launching NOVA .exe file located in the program directory.
The main program window appears.

Use the power switch on the SPM controller front panel to switch on the instrument.

13
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@} Warning: Before turning on the instrument, make sure all connectors are
plugged and fixed tightly. Loose connection may lead to electronics damage!

After the instrument launching, the control software performs initialization of the device to
determine its configuration. After the initialization is complete, the instrument status
indicator, displayed in the left bottom corner of the main program window, can be in one of
the following three states:

v - initialization successful. The instrument is ready for operation;
X - controller is not turned on;
Pl - interface board not installed or the controller is faulty.

5. Use the power switch on the controller front panel to turn on the Closed-Loop Scanner
Equivalent (CLE).

@g It is recommended to turn on the controllers only after the control software
is run

Now the instrument is ready to operate.

6. It is recommended to turn on the controller 40 minutes before starting measurements to
achieve the steady state condition.

1.5 Control software interface

The basic components of Nova control software interface are (see. Fig. 1-11):
- Main Menu;

- Panel of Main Parameters;

- Bookmark Panel of the basic operations;

- Working Window;

- Status Bar.

Besides that, in the right top corner of the main program window there is a button @ which opens
the Additional Window.

14
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Main menu Key parameters panel Bookmark panel of the basic operations

Status line

Fig. 1-11. Main control program window

1.5.1 Main menu
There are the following dropdown menus in the main control program menu:

File — operations with data files;

View — interface settings;

Settings - program and instrument settings;
Tools —work with the macrolanguage;
Help — display help.

15
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1.5.2 Key parameters panel

The key parameters panel is located on the top part of the working screen. It contains a number of
most frequently used control elements, which allow to set key scanning parameters.

The first button on the key parameters panel contains the dropdown select menu of an electronic
configuration of the instrument (Fig. 1-12).

Contact l:
® Contack
SermiConkact

Tunnel Current
Custom

Fig. 1-12. Instrument configuration select menu

When Contact, SemiContact and TunnelCurrent menu items are selected, the electronic circuit
of the instrument automatically switches, and key parameters are set according to the selected
configuration.

When Custom menu item is selected, all settings are made manually.

1.5.3 Key operations bookmark panel
Buttons on the key operations bookmark panel are located according to the most typical instrument

operating procedure. Using bookmarks it is possible to switch quickly to corresponding working
windows. The number of bookmarks depends on the instrument configuration.

1.5.4 Status line

The Status Bar contains the instruments status indicator and the scanner piezotube protraction
indicator.

1.5.5 Working window

The main part of the screen is occupied with the working window with the control panel on the top.
The example of Approach working window is presented on Fig. 1-13.

& Each working window has its own control panel
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Fig. 1-13. Approach working window. Right: Additional Window is open

1.5.6 Additional Window

In the right top corner of the screen there is a button @ which opens the Additional Window
(see.Fig. 1-13).

The Additional Window working area consists of two parts. The bottom part contains a program
oscilloscope, which can receive from one up to six signals.

The top part of Additional Window contains the bookmarks panel, which opens corresponding
additional windows.

@\ The number of bookmarks depends on the instrument configuration.

Instrument block diagram

Scheme bookmark opens a window containing interactive block diagram of the instrument (see
Fig. 1-13). The block diagram is a visual tool allowing to perform software and electronic
configuration of the instrument in an interactive mode.
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1.5.7 Input fields and sliders

The control program has many input fields (see Fig. 2-14) for entering numeric values of various
parameters.

|F|Ie View Selings Tooks Help | SemiComtact |+ Tatre IFE Gammunl Mag  ~ [-52427 [JSetPaint 10.000 7] Biasvy vluuuu VL FEE‘

| Data . Aiming ‘ _L FResonance. I 4 Approach | é Scan | hl_r I:uves | Oscillograph H Scheme Aiming | Videa ‘
FeedBack:
m swp| LandingHBa:kward e Step «runIMuwng m W= 00 [om =] B 0 [ oo || G5 saport [i0000]
_JAuhuSulPuw | Fod 1 OnoStes] oBoFos Muvlng o 2% setings| ~ Lo
e ll Lo do_Ham,

Fl @ é +’+&l@\ IIIZI/\I’EI

il > ||>55kHz x

J6ias vorege 0000 V]
e D

Input fields

Fig. 1-14. Input fields

Each parameter value can be entered directly from the keyboard, or by double-clicking a
corresponding input field and using the appearing slider (Fig. 1-15).

158,402
Il | | | | | | | | | | | | | | | | | | | | | |
55 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 430 500
ey

Fig. 1-15. Slider

1.6 Saving the data
To save the obtained data on a hard disk, execute the following:

1. Choose File =» Save in the main menu;

2. Select the directory in the pop-up dialogue window to store the obtained data; enter the
filename and save it with .mdt extension.

& Note: After the sample surface scanning is complete, the obtained data are stored in the

operative memory. A separate frame corresponds to each scanned image. Numbering of
frames corresponds to the order of their acquisition
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M w0 DN e

Instrument and program shutdown

Use the power switch on the controller front panel to turn off the CLE.

Use the power switch on the SPM controller front panel to turn off the instrument.
Close all program sub-windows.

Close the main program window.
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2 Instrument preparation for AFM mode operation

This section describes general preparation procedures with the instrument to perform
AFM measurements. These procedures are mandatory during the instrument preparation for
operation using any AFM technique.

2.1 Basic procedure of the instrument preparation for the
operation

Instrument preparation for AFM mode operation generally can be divided into the following basic
operations:

1. Select and install necessary configuration;

2. Switch on the device;

3. CLE preparation for operation;

4. Initial preparation of the measuring head,

5. Select and install the probe;

6. Setup of cantilever deflection detection system (point the laser beam onto the cantilever, install
the maximal value of LASER signal, zero values of DFL and LF signals);

7. Preliminary installation of the measuring head;

8. Preparation and installation of a sample;
9. Installation of the measuring head on the approach unit.

These operations are described in details below.

2.2 Electromechanical configuration

@ Attention! All commutations during the setting of a required configuration are
performed with the electrical power switched off.

The instrument completed with all components, parts and accessories allows the user to choose one
of three typical configurations:

1. Scanning by sample configuration, including the Universal measuring head, approach unit
and the scanner;

2. Scanning by probe configuration including the Scanning measuring head and approach unit
with a sample holder;

3. DualScan configuration including the Scanning measuring head, approach unit and the
scanner.
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2.2.1 Scanning by sample

In this configuration:
1. The approach unit cable is connected to the SCANNER socket on the connecting unit
(Fig. 2-1);

2. The universal measuring head cable is connected to the HEAD socket on the connecting
unit (Fig. 2-2);

Fig. 2-1 Fig. 2-2
3. The needed scanner is inserted into the positioner on the universal stage unit of the approach
unit (Fig. 2-3, Fig. 2-4, Fig. 2-5);

Fig. 2-3 Fig. 2-4
4. The scanner cable is connected to the approach unit connector (Fig. 2-5).

Fig. 2-5
5. When working without CLE, switching unit cables with HEAD and SCANNER connectors
are connected to corresponding SPM controller connectors.
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2.2.2 Scanning by probe
In this configuration:

1. The approach unit cable is connected to the «<SCANNER» socket on the connecting unit
(Fig. 2-1);

2. The scanning head cable with the <HEAD» connector is connected to the «<HEAD» socket on
the connecting unit (Fig. 2-6);

Fig. 2-6

3. The scanning head cable with the «SCANNER» connector is connected to free socket
«SCANNER» on the connecting unit (Fig. 2-6);

23\ Note. The connecting unit has two equivalent «<SSCANNER» sockets

4. Sample holder is installed into the positioning device (Fig. 2-7, Fig. 2-8).

Fig. 2-7 Fig. 2-8

5. When working without CLE, switching unit cables with HEAD and SCANNER connectors are
connected to corresponding SPM controller connectors
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2.2.3 Connection specifics when working with the CLE
In order to connect the instrument when working with the CLE, perform the following actions:

1. Connect the switching unit cable with HEAD connector to a reciprocal connector of the SPM
controller.

2. Connect the switching unit cable with SCANNER connector to a reciprocal connector of the
CLE controller.

2.2.4 Deactivating scanning axes

In "Dual Scan Scanning" configuration scanning can be performed in three following ways:
- with simultaneous scanning by both scanners along all three axes,
- with deactivating of scanning along axis Z of one of scanners,
- with deactivating of scanning along axes X, Y of one of scanners.

Scanning is deactivated using special Z-OFF uiu X,Y-OFF adapters (Fig. 2-9)

- .
TR (Z-OFF |

Fig. 2-9 Adapters for deactivating of scanning along XY and Z axes

Scanner is connected using special adapter to deactivate scanning along specific axes.

2.2.5 Connection specifics for Solver PRO-M
In order to connect the Solver PRO-M units perform the following actions::

1. Connect the approach unit cable to any reciprocal part of SCANNER connector on the
switching unit.

2. Connect the scanning measuring head to the SPM controller using HEAD and
CONTROLLER 2 cable connectors.

3. Connect the switching unit to the SPM controller using SCANNER cable connector.
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2.3 Instrument turning on

1. The launching is accomplished with the help of the program icon on the desktop. (The
program can be started with the help of NOVA.exe file, located in the program directory).

The program window will appear in the display.
2. Turn on the PNL controller with power switch located on the front panel.

If turning on is a success, a green 'tick™ appears in the monitor screen bottom
left corner.

2.4 Loading scanner calibration parameters

At program start-up the file Default.par is loaded by default, in which the calibration parameters of
some certain scanner are contained. If only one scanner is supplied with the system, then
Default.par contains just the parameters of this scanner. If more than one scanner is supplied with
the system, then initially Default.par contains the parameters of one of the scanners.

Load a corresponding “par” file once you change a scanner.

“PAR” file load procedure

1. Press the “Settings” button from the top menu bar (Fig. 2-10)

|£ile Wiew Settingslﬁ Toolz:  Help =i amiag I'l E}FBI

Fig. 2-10

2. Select «Calibrations» from the pop-up menu and then «Load Calibrations» (Fig. 2-11);

Fle View | Setings Tooks Hep  SemiContact |v| ¥

Brat au:l F'rameters ko T ) ‘
Calibrations
— Palette
O &~ Device Info Change Calibrations | g

Fig. 2-11

3. The list of PAR files from the PARFiles folder appears, for example, as shown on Fig. 2-11.
File names, which correspond to the certain scanners, begin from the letter “z”, first two digits
after “z” correspond to the max scan size, and next three digits is the scanner serial number. In

the given example z10019Y file corresponds to the 10um scanner, z50087Y file to the 50um
scanner and z03067Y to the 3um scanner;
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Danwa: | PARFiles =l =3

Default. par
Test.par
203067y, par
210013y, par
= 1E250027y. par

HrA daiina: IzEEIEIE?_I,I_par OTEpemE

Tun dafinos: IF'arameter files * par j Drmena |

&

Fig. 2-12

4. Select the required file from the opened PAR file list. For example, if the 50um scanner is
installed, you need to select z50087y.par. The file information will be loaded immediately. The
calibration parameters remain active until you exit the program. Please notice that next time
you run the program again the calibration parameters will be loaded from Default.par;

5. If you plan to work with the same scanner for a long time, you can save its parameters in
Default.par to make it automatically loaded once you run the program. To do so, after you load
the required file as described above (see items 1-4), press Settings -> Calibrations -> Save
Calibrations (Fig. 2-13). Save file as Default.par (Fig. 2-14).

File "-.J'iew|Settings Toolz  Help SemiContact I"l ml

Hard Parameters # |, — | - . |=h |

Save Calibrations

Calibrations
1 Palette r
[0 &~ Deviee Info

Load Calibrations
Change Calibrations |

Fig. 2-13

Hanka: [ PARFils -l =i

Test.par
203067y par
21001 9. par
0037y par

Hraa daiina: IDefauIt_par CospaHuTe

Tun daiina: IF'arameter files * par j OTraeHa |

7

Fig. 2-14
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2.5 Preparing the CLE Scanner for operation

In case if a scanner without sensors and the CLE are installed on your device, then in order for that
scanner to work in combination with the CLE it is necessary to perform the following procedures:

- Adjustment of capacitance sensors of the CLE

- Program launching of the CLE

2.5.1 Adjusting the CLE sensors

@ Attention! Adjust the CLE sensors only when the probe is retracted from the sample
surface

It is recommended to adjust the sensors once a week.

To adjust the CLE sensors, follow the procedure described below.
1. Turn off the feedback loop if it is on.

2. Click the “Additional Window” button on the top right corner of the main window to open
the control panel (auxiliary control panel) that provides the access to some additional

devices (Fig. 2-15).

_|Fix
v IE Laser I_
‘ I Oscilograph | Scheme Close-Loop Commutator b agret 1 |h'
Fig. 2-15
3. Click «Close Loop» (Fig. 2-16)
I@ Lazer IE‘
Ozcillograph Scheme I Close-Loop Commutatar Magnet | ¥
EBasic |Advanced| b
&| P& - CLE |v|
x
Laop Ao |
A I
v I
z i
Fig. 2-16

4. Select the «Basic» tab (Fig. 2-16)

5. Make sure the automatic adjustment option for X, Y and Z is selected (i.e. three checkboxes
under the “Auto” button are checked as shown on Fig. 2-16)
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Basic | Advanced | Basic | Advanced |
Ps-CLE |+ Pa-CLE |+
Loop | autn Loop  auto |

T W AT i~

Yo W Yo i~

z i z I i~
Fig. 2-17 Fig. 2-18

6. Start the automatic CLE sensors adjustment by pressing the «Auto» button (Fig. 2-17)

The “Auto” button will be unpressed automatically as soon as the procedure is over (Fig. 2-18)

2.5.1.1 Program launching of the CLE
To launch the CLE:

1. Click the “Additional Window” button to open the auxiliary control panel (Fig. 2-15)
Click «Close Loop» (Fig. 2-16) and select the «Basic» tab (Fig. 2-16)

3. Turn on the feedback loop on X and Y by checking the corresponding checkboxes under the
«Loop» label as shown on Fig. 2-19. The CLE turns off if the checkboxes are unchecked

accordingly.

Basic | Advanced |
Pa-CLE |+
Loop ﬂl

A v

L v

z v

| 2F nicoon
Fig. 2-19

4. Turn off the scanner non-linearity correction option by changing the state of the NLCor
button to «<NLCor OFF» after turning on the feedback on X and Y .

@\ Note: To turn off the CLE, uncheck the corresponding checkboxes under the *““Loop™
label. Turn on the scanner non-linearity correction by changing the state of the
“NLCor” button to «<NLCor ON»
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& Note: The CLE is inactive by default once you run the program.

2.5.1.2 Troubleshooting: how to avoid parasitic oscillations

If the AFM image quality becomes worse when using the CLE, check if there are any parasitic
oscillations.

1. Press the “Additional Window” button to open the auxiliary control panel on the top right
corner of the main window (Fig. 2-15). Select «Oscillograph» (Fig. 2-20).

[H
HI zzillograph ‘ Scheme Close-Loop Cannrnutator kd agnet ‘ p I ,
U ] al — =
Fig. 2-20

2. Select the “X Sensor” signal from the “Signal”” drop down menu (Fig. 2-21).

Dscillngraph| Scheme Claze-Loop
iz i
He s HGam|
]—Slgnal Points Period (] P
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DFL
U tunnel
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Y Sensor
Fig. 2-21

As a result the oscilloscope will display the “X sensor” signal (Fig. 2-22)

naoo 3,00 200

Faoirts Feriod (=]  Pausze (ms) fcolor yer RS
i 11

10

X Sensorld
=

Fig. 2-22
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3. Check the amplitude of the “X sensor” signal variable component. It must be less
than 0.4mV.

4. Set the *Y Sensor” signal the same way and check its variable component. Its amplitude
must be also less than 0.4mV.

If the amplitudes of «X Sensor» and «Y Sensor» signals are higher than 0.4mV, then you
need to check the environment in which the instrument operates:

- Detect and eliminate any possible external sources of noise and disturbance (electrical,
mechanical and acoustical).

- Make sure if the instrument is properly grounded and there are no pulsed current sources
that can disturb the normal environment at the frequencies of tens of kHz (it is
recommended to use power-line filters).

- Make sure that there is no mechanical vibration (it is strongly recommended to use
vibration isolation systems).

2.6 Preparing the scanner with built-in sensors for operation

If you use the scanner with built-in capacitance sensors, follow the same preparation procedure as
for the CLE which is described above in i. 2.5.

2.7 Preparation of the instrument for the "Scanning by
sample" configuration

General procedure of preparation and installation of the measuring head and a sample consists of
the following sequence of basic operations and procedures:

Initial preparation of the measuring head,;

Installation of the probe;

Setup of cantilever deflection detection system ;

Preliminary installation of the measuring head;

Installation of a sample;

IS T o o

Installation of the measuring head.

2.7.1 More detailed description of basic operations and procedures
listed above is given below.Universal measuring head
preliminary preparation

Major parts of the universal measuring head are shown in Fig. 2-23, Fig. 2-24:
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Fig. 2-23. Universal measuring head front view Fig. 2-24. Universal measuring head top
view

1,2 — Adjustment unit X,Y axes micrometer screws; 3,4 — Photodiode X,Y axes adjusts ;
5 —Hold-down; 6 — Laser; 7 — Quad photodiode;
8 — Socket for an adjustment unit connection;
9 — Polycrystalline sapphire platform; 10 — Case

Place the universal measuring head near the instrument base on a plane surface covered with a sheet
of white paper (Fig. 2-25).

Fig. 2-25

é\ Note. It is supposed that measuring head cable is connected to the «Head» socket on the
connecting unit

If the adjustment unit is already installed on the universal measuring head and it is necessary to
install or replace a cantilever, remove the unit from the measuring head and put it near the head

without disconnecting the unit cable Fig. 2-26.
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To remove the unit from the universal measuring head, do the following:
- unscrew hold-down 5 (rotating its handle clockwise),
- remove the unit.

If the adjustment unit is not installed on the measuring head:
- choose the unit needed for your measurements,
- turn the unit over and place it near the measuring head (Fig. 2-26);
- connect the unit cable to the measuring head socket (remove socket cap beforehand).

2.7.2 Installing the probe

1. Release the probe clip spring. To do this, turn downward the trapeziform lever, located on
the outer side of the holder body, with sharp forceps (Fig. 2-27);

Fig. 2-27 Fig. 2-28

2. Take the probe from the box with the forceps (Fig. 2-28) making sure that the working side
of the chip with cantilevers is directed to you during the installation. Do not turn the chip
over because probes in the box are placed with their tips pointing upwards;

3. Place the probe on the polycrystalline sapphire pedestal to the left of the working position
(Fig. 2-29, Fig. 2-30) which is in the right corner under the clip;

translation with the forceps
.

clip

initial ! ] p[ﬂbe in N
probe position ———* working position

Fig. 2-29 Fig. 2-30
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4. Move the probe with the forceps to the working position (Fig. 2-31) as shown schematically
in Fig. 2-30. The probe Worklng posmon is shown in Fig. 2-32;

Fig. 2-31 Fig. 2-32

5. Once the probe is in working position, clamp it with a clip. To do this, turn the lever to the
holding position using the forceps (Fig. 2-33);

Fig. 2-33

6. Install the adjustment unit into the measuring head (Fig. 2-34).

Mind that:

- support balls of the unit (Fig. 2-35) must rest upon polycrystalline sapphire platforms
(Fig. 2-23);

- Adjustment screws must rest upon unit respective seats;
- Hold-down 5 (Fig. 2-23) should be loosen by turning its handle counterclockwise.
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Fig. 2-34 Fig. 2-35

2.7.3 Adjusting the optical system of the cantilever deflection
detection

2.7.3.1 Laser turning on

- Laser turning on and off is performed with the «Laser» button located to the right in the
main parameters bar (In Fig. 2-36 the button is enabled);

SeriContact_|~| [E3F Fe [FEain1500  Mag  + [ 0011 |[SetPoint9sss = Biasw v [0.000 ¥ [ Laser

Fig. 2-36

- By default, the «Laser» button is enabled upon the control program loading.

@} Warning! Do not stare into the laser beam! (The laser safety class provides the safe
contact between a laser beam and human eye during the period of time corresponding
to a normal human reaction to irritation (about 0.25 s). This time is enough for a
person to blink and turn away. Extended exposure can lead to short-term eyesight
disorder.)

2.7.3.2 Window of the optical system adjustment

To adjust the optical system, open the "window of the optical system adjustment™ by clicking on the
«Aiming» button in the task bar (Fig. 2-37).

[rata

W Approach | % Scan

Fig. 2-37

The window of the optical system adjustment (Fig. 2-38) contains an indicator of the laser spot
position relative to the photodiode segments (left side) and a panel for displaying the photodiode
signals current value.
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The displayed signals have the following meaning:

DFL the difference signal between top and bottom halves of the photodiode;
LF the difference signal between left and right halves of the photodiode;

LASER the total signal that comes from all four segments of the photodiode and, therefore, is
proportional to the intensity of the laser radiation reflected from the cantilever.

¢ Arproach | ZE scan | IV cuves | % tite | 4F ALMowr

ser out of area! |»] S K1)
LF -0,01
Laser 0,02

Fig. 2-38

2.7.3.3 General information about the laser beam alignment with the cantilever

- The purpose of the laser beam aligning is to steer the laser spot onto the cantilever's end as
shown schematically in Fig. 2-40;

- The universal measuring head design allows to use the cantilevered probe, mounted in the
holder on the adjustment unit, to move relative to the laser beam using the unit adjustment
screws 1 and 2 (Fig. 2-39, Fig. 2-40). Thus, the laser beam alignment means the cantilever
move relative to the fixed beam;

- For convenience, hereinafter, «the laser beam move relative to the cantilever» or
«the laser spot steering onto the cantilever» implies that the laser beam is in fact fixed but
the cantilever is moved.

f""4

O

adjustment screw °

adjustment screw 2

Fig. 2-39 Fig. 2-40
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2.7.3.4 The suggested procedure of the laser spot steering onto the cantilever
To align the laser spot, the following procedure is recommended:
1. First, trace the laser beam path relative to the cantilever.

View the image of the passed through the measuring head laser beam. For that, lift the
measuring head approx. 10-15 cm above a sheet of white paper serving as a screen

(Fig. 2-41).

Fig. 2-41
Three cases are possible:

a. "uUndistorted™ image on paper. (Fig. 2-42) This means that the laser beam is off the
cantilever or the cantilever chip;

b. "Distorted" laser image on paper. This means that the laser beam hits the edge of any
construction element or the cantilever. Note that image shape can be different
(see examples in Fig. 2-43);

c. No image at all. This means that the laser beam falls onto the chip or the probe holder
(Fig. 2-44) and can not pass through the measuring head.

Undistorted image Distorted image of arbitrary No image
on a screen: hape on a screen: on a screen:

The beam spots the chip or

. the holder

The beam passes free The beam touches the edge
@ 1aser spot @ 'aser spot @ 1aser spot
[ cantilever dcanmem cartibaver
e ' @
chip ﬁ chip . chip
Fig. 2-42 Fig. 2-43 Fig. 2-44
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The measuring head design allows to watch the cantilever and adjacent to it elements as well as to
notice the laser spot position with the naked eye.

Depending on what is seen, do the following.

1.

If undistorted laser image is seen on the screen (i.e the laser beam passes freely through
the measuring head), move the spot towards the holder perpendicular to the chip front
edge (or, depending on the spot initial position, perpendicular to the holder front edge)
and position it just near an edge as shown in Fig. 2-45. This laser spot alignment is
performed by turning the adjustment screw 2 clockwise. Then, notice the spot approx.
position and proceed to step 4).

@ laser spot

£
é\ ‘. cantilever Lﬂﬂ

| adjustment screw 1

o . o

chip
! '

e e o ! |

probe holder Wi, s,
adjustment screw 2

Fig. 2-45

Detailed description of this procedure is given below:

The undistorted (pristine) elliptical laser image is seen initially on the paper screen, i.e. the
laser beam passes through the measuring head freely;

Begin turning adjustment screw 2 clockwise. The spot will move towards the chip front edge
or the probe holder front edge. This is shown schematically in Fig. 2-45 as a travel from
locations 1,3 into locations 2,4;

In the process of travel, the laser image will start to distort at a certain moment. This
indicates that the laser beam starts to impinge on the probe holder edge or on the chip edge
(depending on the spot initial location 1 or 3). As soon as the image starts to distort, stop
turning adjustment screw 2;

Then notice approximately what element the beam hits (chip edge or the probe holder edge).
For that, move the spot slightly back and forth with adjustment screw 2 for the beam to fall
on and off an edge;

Next, fine - position the spot just near an edge (locations 2,4 in Fig. 2-45). To do so, turn
slightly adjustment screw 2 counterclockwise until the image distortion vanishes.

Next, proceed to step 4)
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2.

If there is no laser image (case c) or the distorted image is seen on the screen (case b),
move the spot in the direction from the holder perpendicular to the holder front edge
until the undistorted laser image is seen on the paper screen. Position the spot just near
an edge as shown in Fig. 2-46 turning screw 2 counterclockwise. Then notice the spot
approx. position and proceed to step 4).

cantilever

laser spot 0

(=)

chip adjustment screw 1

probe holder = S e
ey O

adjustment screw 2

Fig. 2-46

Detailed description of this procedure is given below:

Initially there is no laser spot on the screen or the distorted laser image is seen, i.e. the
beam hits the holder or the chip, or the edge of the holder or the chip;

First, turn the measuring head so that part of the chip and adjacent to it part of the probe
holder are visible from above and locate the approximate position of the laser beam
watching the beam diffuse reflection;

Next, start turning adjustment screw 2 counterclockwise. The spot will move towards the
chip front edge or the probe holder front edge. This is shown schematically in
Fig. 2-46 as a travel from locations 1,3 into locations 2,4;

In the process of travel, the laser image will change to undistorted one at a certain moment.
This indicates that the laser beam is falling off the probe holder edge or the chip edge
(Fig. 2-46, locations 2,4);

As soon as the image changes to an undistorted one, stop turning adjustment screw 2. If
necessary, turn screw 2 back slightly to fine - position the spot just near an edge;

You may need to check the spot position relative to the probe once again. For that, move the
spot slightly back and forth with screw 2 for the laser beam to fall on and off an edge.

Next, proceed to step 4)
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3.

If the spot is positioned near the probe holder edge, it should be moved to the chip front
edge using adjustment screws 1 and 2 as shown in Fig. 2-47.

cantilever PN AT i
laser spot @ |

A

® -@

probe holder T T
oy O
adjustment screw 2

Fig. 2-47

Detailed description of this procedure is given below:
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The undistorted (pristine) elliptical laser image is seen initially on the paper screen, i.e. the
laser beam passes just near the probe holder edge, for example, to the left of the chip (as
shown schematically in Fig. 2-47);

Begin turning adjustment screw 1 clockwise (otherwise, if the beam is located to the right of
the chip, turn the screw counterclockwise). The spot will move towards
the chip;

Turning adjustment screw 1, move the spot laterally along the edge until the laser image on
the screen starts to distort, i.e. when the beam starts to hit the chip left edge. This step is
illustrated in Fig. 2-47 as a travel from location 1 into location 2. Stop turning the screw
when the laser image is slightly distorted:;

Next, start turning adjustment screw 2 counterclockwise to move the spot along the chip
side edge. Stop turning when the laser image distortion vanishes. This corresponds to the
spot location 3 near the chip front left corner (Fig. 2-47);

Thus, the spot is positioned near the chip front edge.
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4. If the laser beam passes near the chip front edge, it should be steered onto the cantilever
longitudinal axis (Eig. 2-48, Fig. 2-49) by moving the beam laterally with adjustment
screw 1 (detailed procedure is given below).
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Fig. 2-48
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Fig. 2-49

The recommended procedure of the beam steering onto the cantilever longitudinal axis

- Initially the beam is positioned near the front edge of the chip;

- If you noticed the beam position relative to the cantilever, move the beam laterally towards
the cantilever using adjustment screw 1;

- In the process of travel, the laser image on the paper screen will start to distort at the
certain position of adjustment screw 1. This indicates that the laser beam starts to impinge
on the cantilever as shown schematically in Fig. 2-48, Fig. 2-49. Memorize this first
position of the screw;

- Keep on moving the beam in the same direction, slowly turning screw 1. Remember that one
turn of adjustment screw 1 corresponds to the beam translation of 350 micron while the
cantilever width ranges from a few tens micron (in case of rectangular cantilevers) to a few
hundreds micron (in case of triangular cantilevers). At a certain position of screw 1, the
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image distortion vanishes which indicates that the beam is off the cantilever edge. Memorize
this second position of the screw;

Next, turn adjustment screw 1 into the middle position between the first and the second
positions, i.e approx. in the middle of "distortion™ range (Fig. 2-48, Fig. 2-49.);

Thus, the laser spot is positioned onto the cantilever longitudinal axis (Fig. 2-48,
Fig. 2-49.).

@ Note. If the beam is positioned initially near the chip front edge but you do not notice its

exact location relative to the cantilever, start moving the beam in any direction.
Remember that the cantilever chip width is about 1.5 mm while one turn of adjustment
screw 1 corresponds to the beam travel of 0.35 mm. This means that for the beam to
move the distance equal to the chip width it is necessary to make about 5 turns of screw
1. Therefore, if you started turning adjustment screw 1 and made more than five turns
without finding the cantilever (undistorted laser image is seen), you should change the
rotation direction (to move the beam back)

As soon as the spot is positioned on the cantilever longitudinal axis (position 3,Fig. 2-50,
Fig. 2-51), it should be moved to the cantilever end (position 4) using adjustment screw 2.

laser spot laser spot
r 1 cantilever [ i cantilever
i chip i chip
i i
Cantilever longitudinal axis Cantilever longitudinal axis

H]-]_ T { D “]]_ 1 { D
" Adjustment A&justment " Adjustment A&justment
screw 2 screw 1 scraw 2 screw 1
Fig. 2-50 Fig. 2-51

Case of rectangular cantilever:
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Once the laser spot is positioned on the rectangular cantilever longitudinal axis
(Fig. 2-50), the laser image on the screen looks like that shown in Fig. 2-52 regardless of the
spot location on the cantilever. Therefore, the image shown in Fig. 2-52 as an example, only
indicates that the beam has been centered on the cantilever in the transverse direction;

Next, turning screw 2 counterclockwise, the spot should be moved towards the cantilever end
as shown in Fig. 2-50;
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Case of triangular cantilever:

When the laser spot is positioned on the triangular cantilever longitudinal axis, the laser image
seen on the screen can be different;

As in case of rectangular cantilever, the spot should be moved along the longitudinal axis
towards the cantilever end rotating adjustment screw 2 counterclockwise (this is shown
schematically in Fig. 2-51);

When the beam is aligned with the end of triangular cantilever, the laser image on the screen
looks like that in Fig. 2-53. This image is about the same for all triangular cantilevers
regardless of their size.

b j{(f#m A N {ﬁ%

Fig. 2-52 Fig. 2-53

2.7.3.5 Photodiode alignment

Normally, once the laser beam is aligned with the cantilever, the nonzero photodiode signals
appear in the window digital indicator (Fig. 2-54);

The goal of the photodiode alignment is to adjust its position so that the laser beam reflected
from the cantilever strikes it in the center and equally illuminates all four segments of the
photodiode;

The photodiode alignment is performed with the help of two adjustment screws 3 and 4
located on the measuring head (Fig. 2-39). Screw 4 moves the photodiode in the Y-direction
(along the cantilever longitudinal axis) while screw 3 moves the photodiode in the X-
direction (along the cantilever transverse axis);

Using adjustment screws 3 and 4 (Fig. 2-39) center the light spot on the photodiode
indicator (Fig. 2-55); at the same time the VER.DFL (DFL) and LAT.DFL (LF) readings
should be close to zero while the total signal LASER should read the maximum value;

The spot centering can be confirmed by reversal sign of the DFL and LF readings upon
turning adjustment screws 4 (DFL) and 3 (LF) forward/backward near the zero position. If
any of these signals is set to zero by adjustment screw but sign reversal does not take place,
this adjustment screw should be turned back until reversal of the signal sign takes place.

Lt ol - s el L I S LT AL T L i LR U L

'l

DFL 1,39 DFL -0,03
LF 333 LF  -0,02
Laser 4,86 Laser 34,61

Fig. 2-54 Fig. 2-55
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2.7.3.6 Fine-adjustment of the optical system using the photodiode indicator

After aligning the laser and the photodiode you should fine-position the laser spot on the cantilever
end to maximize the total photodiode signal.

To do so:

- Using laser adjustsments 1 and 2, slightly move the beam along the cantilever in order to
maximize the total photodiode signal (LASER). Remember that the laser spot should stay
on the cantilever end;

- Upon laser readjustment repeat the photodiode alignment procedure with photodiode
adjustments 3,4 because of the beam possible shifting from the center.

2.7.4 Measuring head preinstallation

After the adjustment unit and the photodiode aligning, but prior to a sample mounting, it is
recommended to perform the measuring head preinstallation.

This operation is needed to:
- orient the measuring head relative to the scanner vertical axis so that the probe is

approximately on the scanner axis;

- set such a separation between the probe and the sample holder that when a sample is mounted
a safe distance (more than 1-2 mm) exists between the sample surface and the probe.

Procedure of the measuring head preinstallation:

1. Install the measuring head with its legs into the seats of the universal stage (Fig. 2-56) so that
the head cable is opposite the corresponding connector (Fig. 2-57).

@ Before the measuring head installation you should estimate the future probe-sample
separation (after the sample mounting) and make sure it is enough (more than 2-3 mm)
to avoid the damage of the tip or the sample. You may need to move the stage down
using the manual approach knob
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2. Looking from the side and turning the approach screw located under the approach unit Fig.
2-58, advance the sample holder to the probe so that the probe-sample separation after the
future sample mounting is more than 2 mm (Eig. 2-59);

3 -

Fig. 2-58 Fig. 2-59

Fig. 2-60

3. Watching from above the cantilever position in the horizontal plane, move the scanner using
the positioner micrometer screws so that the probe is positioned opposite the central opening in
the sample holder (Fig. 2-60) which corresponds to the intersection point of the holder plane
and the scanner longitudinal axis;

4. Upon completion of this procedure you can remove the measuring head from the approach unit
and proceed to a sample preparation and installation.

& Note. The probe alignment with the scanner vertical axis allows to reduce the interfering
surface tilt at scan due to the probe deviation from the scanner axis.
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2.7.5 Preparation and mounting of the sample
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The instrument allows to study samples having sizes up to 40-50 mm and thickness up to 10
mm;

Samples are mounted onto the substrate which is installed on the holder stage;

As a substrate it is recommended to use the standard polycrystalline sapphire substrate
(Fig. 2-61) sized 24x19x0.5 mm;

To fix the sample on the substrate, a two-sided scotch tape can be used;

. F

Fig. 2-61 Fig. 2-62

Samples having sizes more than 10-15 mm should be mounted onto the adapter substrate
(Fig. 2-62). The standard substrate with a glued to it adapter wafer which is about 2 mm thick
can be used as well. The wafer thickness should provide that the sample raises above the stage
clips while the wafer width should be less than the distance between clips. In this case the
sample is mounted onto the adapter wafer;

If an electric contact is to be provided between the sample and the instrument circuits, a special
substrate with a spring contact must be used (Fig. 2-63);

Fig. 2-63

With this special substrate the sample is connected to the instrument via the contact spring
wire with a plug which is inserted into the bias voltage socket on the approach unit. There are
two sockets (Fig. 2-64) on the approach unit: 1 is for bias voltage or sample grounding, 2 is for
grounding;
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Fig. 2-64
1 -Bias voltage socket; 2 — ground socket

- To install the sample on the stage, the substrate is pushed under clips from the side of two
supporting balls (Fig. 2-65) until it is held down with clips to three supporting balls

(Fig. 2-66).

2.7.6 Installing the measuring head on the approach unit

Install the measuring head with its legs into the seats of the universal stage. Remember that the
separation between the probe and the sample should be large enough (more than 1.5-2 mm) to avoid
the tip damage. The head cable should be opposite the corresponding receptacle.
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Upon the measuring head installation on the approach unit:

- Plug the measuring head into the receptacle (Fig. 2-67);

46

Fig. 2-67

Looking from the side (Fig. 2-58) and turning the manual approach knob (Fig. 2-68), bring
the sample to the probe within 0.5-1 mm;

Looking from above, make sure the probe is properly positioned relative to the sample.
Looking from the side, make sure the probe will not touch anything during the future
approaching;

Check the adjustment of the optical system of the cantilever deflection detection using the
photodiode indicator and readjust if needed,

Install the protective cover if needed (Fig. 2-69). Ground the cover by connecting it to the
approach unit case with a grounding wire.

Note. It is recommended to use the cover in order to:
a) obtain high resolution in XY plane or in Z;

b) perform measurements in the temperature range;
C) protect against temperature drop;

d) lower an acoustic noise.

Fig. 2-68
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2.8 Preparation of the instrument for the "Scanning by
probe" configuration

General procedure of preparation and installation of the scanning measuring head and a sample
consists of the following sequence of basic operations and procedures:Control program starting up.
Instrument turning on;

1. Installing the probe;

2. Adjusting the optical system of the cantilever deflection detection;
3. Preparing and mounting the sample;

4. Installing the measuring head.

These operations are described in detail below.
2.8.1 Installing the probe

To install or replace the probe, do the following:

1. Turn the scanning measuring head over and place it on a table upside down (Eig. 2-70);

Fig. 2-70 Fig. 2-71

2. Lift the probe spring clip. To do this, turn downward the trapeziform lever, located on the
outer side of the holder body, with the forceps (Fig. 2-71);

Attention! Lift the clamping spring only by turning the lever. Do not bend it with the
forceps or the hand as this can result in irreversible deformation

@ Attention! The probe holder is attached to the scanner, so excessive forces applied to
the holder can result in damage to the scanner
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3. Take the probe from the box with the forceps (Fig. 2-72) making sure that the working side of
the chip with cantilevers is directed to you during the installation. Do not turn the chip over
because probes in the box are placed with their tips pointing upwards;

Fig. 2-72 Fig. 2-73

4. Place the probe on the polycrystalline sapphire pedestal to the left of the working position
(Fig. 2-73, Fig. 2-74), which is in the right corner under the clip;

translation with the forceps
ol

clip

initial ' ‘i pmbﬂ. in 5
probe position * working position

Fig. 2-74 Fig. 2-75

5. Move the probe with the forceps to the working position (Fig. 2-75) as shown schematically in
Fig. 2-73. The probe working position is shown in Fig. 2-76;
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Fig. 2-76 Fig. 2-77

6. Once the probe is in working position, clamp it with a clip. To do this, turn the lever to the
holding position using the forceps (Fig. 2-77).

2.8.2 Adjusting the optical system of the cantilever deflection
detection

2.8.2.1 Laser turning on

- Laser turning on and off is performed with the «Laser» button located to the right in the
main parameters bar (In Fig. 2-78 the button is enabled);

SemiContact_|+| [¥3F e [FeGan1500 Mao v | 0011 |[SetPoint9sss 5 BiasV v [0.000 v [ Laser

Fig. 2-78

- By default, the «Laser» button is enabled upon the control program loading.

@5 Warning! Do not stare into the laser beam! (The laser safety class provides the safe
contact between a laser beam and human eye during the period of time corresponding
to a normal human reaction to irritation (about 0.25 s). This time is enough for a
person to blink and turn away. Extended exposure can lead to short-term eyesight
disorder)

2.8.2.2 Window of the optical system adjustment

- To adjust the optical system, open the "window of the optical system adjustment” by clicking
on the «Aiming» button in the task bar (Fig. 2-79);

Data

R Approach | § Scan

Fig. 2-79
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- The window of the optical system adjustment (Fig. 2-80) contains an indicator of the laser spot
position relative to the photodiode segments (left side) and a panel for displaying the
photodiode signals current value.

The displayed signals have the following meaning:

DFL the difference signal between top and bottom halves of the photodiode;
LF the difference signal between left and right halves of the photodiode;

LASER the total signal that comes from all four segments of the photodiode and, therefore, is
proportional to the intensity of the laser radiation reflected from the cantilever.

[B] pais B Bosirce | o tepech | ZE e | IV G 2B e | o ALMow

ser W Rl G:-CUDFL 0,00
LF -0,01
Laser 0,02

Fig. 2-80

2.8.2.3 General information about the laser beam alignment with the cantilever

- The laser beam is focused in a point on the plane in which the cantilever lies. The beam can be
moved relative to the cantilever with a help of adjustment screws 1 and 2
(Fig. 2-81, Fig. 2-82);

.
@ oL

adjustment screw 2

probe holder
chip
cantilevar %

laser spot ® '
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adjLI;ETI"TE:FIt screw 1

Fig. 2-81 Fig. 2-82

- The purpose of the beam aligning is to steer the laser spot onto the cantilever's end using
adjustment screws 1 and 2 as shown schematically in Fig. 2-82;
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- The measuring head is equipped with a special mirror for viewing the cantilever and the
studied sample. The mirror is attached to the measuring head base near the probe holder.
Viewing is performed through an opening in the cylinder tip of the scanner at an angle of 30°
to the horizontal plane (sample plane) (Fig. 2-83, Fig. 2-84);
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Fig. 2-83 Fig. 2-84

2.8.2.4 The suggested procedure of the laser spot steering onto the cantilever
To align the laser spot, the following procedure is recommended:
1. First, trace the laser beam path relative to the cantilever.

View the image of the passed through the measuring head laser beam. For that, lift the
measuring head approx. 10-15 cm above a sheet of white paper serving as a screen (Fig. 2-85).

Fig. 2-85
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Three cases are possible:

a. "Undistorted" image on paper. (Fig. 2-86) This means that the laser beam is off the
cantilever or the cantilever chip;

b. "Distorted" laser image on paper. This means that the laser beam hits the edge of any
construction element or the cantilever. Note that image shape can be different (see examples

in Fig. 2-87);

c. No image at all. This means that the laser beam falls onto the chip or the probe holder
(Fig. 2-88) and can not pass through the measuring head.

Undistorted image Distorted image of arbitrary No image
on a screen shape on a screen on a screen

The beam spots the chip or

The beam passes free The beam touches the edge the holder
. lazer spot e laser spot
[T cantilever ? cantilever . auer snot S —
chip @ chip ) ehip
T Y | ey
Fig. 2-86 Fig. 2-87 Fig. 2-88

The viewing mirror allows to watch the cantilever and adjacent to it elements as well as to notice
the laser spot position with the naked eye.

Depending on what is seen, do the following:
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1.

If undistorted laser image is seen on the screen (i.e the laser beam passes freely through
the measuring head), move the spot towards the holder perpendicular to the chip front
edge and position it just near an edge as shown schematically in Fig. 2-89. This laser spot
alignment is performed by turning adjustment screw 2 counterclockwise. Then, notice
the spot approx. position relative to the cantilever and adjacent to it elements.

@ laser spot ] ;
|
' cantilever S
'\._ . __..fl ':x_ o )
@ . @ adjustment screw 2
chip
L) L
@ @) adjustment screw 1
probe holder 9

Fig. 2-89

Detailed description of this procedure is given below:

The undistorted (pristine) elliptical laser image is seen initially on the paper screen, i.e. the
laser beam passes through the measuring head freely;

Begin turning adjustment screw 2 counterclockwise. The spot will move towards the chip
front edge or the probe holder front edge. This is shown schematically in Fig. 2-89 as a travel
from locations 1,3 into locations 2,4;

In the process of travel, the laser image will start to distort at a certain moment. This
indicates that the laser beam starts to impinge on the probe holder edge or on the chip edge
(depending on the spot initial location 1 or 3). As soon as the image starts to distort, stop
turning adjustment screw 2;

Then, using the viewing mirror, notice approximately what element the beam hits (chip edge
or the probe holder edge). For that, move the spot slightly back and forth with adjustment
screw 2 for the beam to fall on and off an edge;

Next, fine-position the spot just near an edge (locations 2,4 in Fig. 2-89). To do so, turn
slightly adjustment screw 2 clockwise until the image distortion vanishes.

Next, proceed to step 4)
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2.

If there is no laser image (case c) or the distorted image is seen on the screen
(case b), move the spot in the direction from the holder perpendicular to the holder front
edge until the undistorted laser image is seen on the paper screen. Position the spot just
near an edge as shown schematically in Fig. 2-90 turning screw 2 clockwise. Then notice
the spot approx. position.

cantilever

T !
chip .r_-_w ;"'-._"““.I 9
\____ AN A

éajus-.iﬁ‘té-ht screw 2

laser spot Q

i

probe holder @ 8

adjustment screw 1

Fig. 2-90

Detailed description of this procedure is given below:

Initially there is no laser spot on the screen or the distorted laser image is seen, i.e. the beam
hits the holder or the chip, or the edge of the holder or the chip;

First, look attentively through the viewing mirror at the visible part of the chip and adjacent to
it part of the probe holder. Locate the approximate position of the laser beam watching the
beam diffuse reflection;

Next, start turning adjustment screw 2 clockwise. The spot will move towards the chip front
edge or the probe holder front edge. This is shown schematically in Fig. 2-90 as a travel from
locations 1,3 into locations 2,4;

In the process of travel, the laser image will change to undistorted one at a certain moment.
This indicates that the laser beam is falling off the probe holder edge or the chip edge
(Fig. 2-90, locations 2,4);

As soon as the image changes to an undistorted one, stop turning adjustment screw 2. If
necessary, turn screw 2 back slightly to fine-position the spot just near an edge;

You may need to check the spot position relative to the probe once again using the viewing
mirror. For that, move the spot slightly back and forth with screw 2 for the laser beam to fall
on and off an edge.

Next, proceed to step 4)
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3.

If the spot is positioned near the probe holder edge, it should be moved to the chip front
edge using adjustment screws 1 and 2 as shown in Fig. 2-93.

cantilever !
laser spot @ B B 9

' chip adjustment screw 2
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probe holder
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adjustment screw 1

Fig. 2-91

Detailed description of this procedure is given below:

The undistorted (pristine) elliptical laser image is seen initially on the paper screen, i.e. the
laser beam passes just near the probe holder edge, for example, to the left of the chip (as
shown schematically in Fig. 2-91);

Begin turning adjustment screw 1 clockwise (otherwise, if the beam is located to the right of
the chip, turn the screw counterclockwise). The spot will move towards the chip

Turning adjustment screw 1, move the spot laterally along the edge until the laser image on
the screen starts to distort, i.e. when the beam starts to hit the chip left edge. This step is
illustrated in Fig. 2-93 as a travel from location 1 into location 2. Stop turning the screw
when the laser image is slightly distorted;

Next, start turning adjustment screw 2 clockwise to move the spot along the chip side edge.
Stop turning when the laser image distortion vanishes. This corresponds to the spot location
3 near the chip front left corner (location 3 in Fig. 2-91).

Thus, the spot is positioned near the chip front edge.
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4.

If the laser beam passes near the chip front edge, it should be steered onto the cantilever
longitudinal axis (Eig. 2-92, Fig. 2-93) by moving the beam laterally with adjustment
screw 1 (detailed procedure is given below).
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Fig. 2-93

The recommended procedure of the beam steering onto the cantilever longitudinal axis
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Initially the beam is positioned near the front edge of the chip;

If you noticed the beam position relative to the cantilever, move the beam laterally towards the
cantilever using adjustment screw 1;

In the process of travel, the laser image on the paper screen will start to distort at the certain
position of adjustment screw 1. This indicates that the laser beam starts to impinge on the
cantilever as shown schematically in Fig. 2-92, Fig. 2-93. Memorize this first position of the
screw;

Keep on moving the beam in the same direction, slowly turning screw 1. Remember that one
turn of adjustment screw 1 corresponds to the beam translation of 350 micron while the
cantilever width ranges from a few tens micron (in case of rectangular cantilevers) to a few
hundreds micron (in case of triangular cantilevers). At a certain position of screw 1, the image
distortion vanishes which indicates that the beam is off the cantilever edge. Memorize this
second position of the screw;
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- Next, turn adjustment screw 1 into the middle position between the first and the second
positions, i.e approx. in the middle of "distortion™ range (Fig. 2-92, Fig. 2-93);

- Thus, the laser spot is positioned onto the cantilever longitudinal axis (Fig. 2-92,
Fig. 2-93).

@\ Note. If the beam is positioned initially near the chip front edge but you do not notice its
exact location relative to the cantilever, start moving the beam in any direction.
Remember that the cantilever chip width is about 1.5 mm while one turn of adjustment
screw 1 corresponds to the beam travel of 0.35 mm. This means that for the beam to
move the distance equal to the chip width it is necessary to make about 5 turns of screw
1. Therefore, if you started turning adjustment screw 1 and made more than five turns
without finding the cantilever (undistorted laser image is seen), you should change the
rotation direction (to move the beam back)

5. After the ray has been directed onto a longitudinal axis (position 3, Fig. 2-94, Fig. 2-95),
the laser spot should be placed to the very end of the cantilever (position 4), using the
screw 2 for this purpose
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Fig. 2-94 Fig. 2-95

In case of a rectangular cantilever:

- In case of a rectangular cantilever, after you’ve directed the ray to the longitudinal axis of the
cantilever (Fig. 2-94), the image of the spot at the screen will look approximately the same as
it’s shown in Fig. 2-96. And it doesn’t matter if the spot is near to the very end of the cantilever
or it’s rather far from it. That’s why the image at the screen, like it’s shown at Fig. 2-96, only
shows that with the help of screw 1 in a lateral direction it’s managed to place the ray to the
approximate middle of the cantilever;

- Rotating the screw 2 clockwise, you should move the laser spot closer to the end of the
cantilever as it’s shown schematically at the Fig. 2-94.
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In case of a triangle cantilever:

In case of a triangle cantilever, after you’ve directed the ray approximately to the longitudinal
axis, the image at the screen can be different;

The same as in case with a rectangular cantilever, you should move the ray along the lateral
axis, in the direction of the cantilever’s end, rotating screw 2 clockwise (it’s shown
schematically at Fig. 2-95);

In case of triangular cantilevers, when the ray will be directed to the very end of the
cantilever, the image at the screen must have a look, approximately, as it’s show
at Fig. 2-97. Meantime, this image is approximately the same for any cantilevers of triangular
form, not depending on their sizes.

tq.ﬁ,

-

1.5cm

Fig. 2-96 Fig. 2-97

2.8.2.5 Alignment of the photodiode position with the help of the photodiode

indicator

@\ Note. When making the alignment it’s necessary to place the photodiode in such position
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in relation to the laser ray so that reflecting from a cantilever it goes to the central part
of the photodiode, illuminating all for segments to the equal extent. Movement of the
photodiode is effected with the help of two aligning screws 3 and 4, placed on the
measuring head (Fig. 2-81). Meantime, the screw 4 corresponds to the movement of
photodiode in vertical direction in relation to the cantilever’s plane, and screw 3 —in a
lateral direction

Usually, as soon as it’s managed to place the laser ray to the cantilever, some indications
different from zero appear at the indicator of the photodiode (Fig. 2-98);

Using screw 4 and 3 head (Fig. 2-81), it’s necessary to move the spot at the indicator of
photodiode into the center (Fig. 2-98), so, accordingly, meantime, the values of DFL and LF
signals must be lead to zero and the amount of the summary LASER signal must be rather big;

Meantime DFL and LF signals, when rotating handles 4 (DFL) and 3(LF) into forward and
backward directions relatively to the zero direction, must change the sign. If some of these
signals, when rotating the correspondent screw decreases to zero value, but doesn’t change a
sign, then it’s necessary to rotate this screw into the opposite direction until it’s found the
position where the signal changes the sign.
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DFL 1,39 DFL -0,03
LF 3,33 LF -0,02
Laser 4,86 Laser 34,61

Fig. 2-98 Fig. 2-99

2.8.2.6 Accurate alignment of the optical system of registration with the help of
photodiode indicator

After placing the laser to the cantilever and aligning the photodiode, one should execute a more
accurate placement of the laser ray to the end of cantilever according to the value of summary
signal of the photodiode.

In order to do that:

- Using aligning laser screws 1 and 2 and a bit moving the beam relatively to the cantilever,
align to the maximal value of summary photodiode signal (LASER). Accordingly, don’t forget
that the spot from the laser ray may stay meantime at the end of a cantilever;

- After the direction of the laser ray has been aligned, repeat the alignment of photodiode
position with the help of screws 3,4 because the ray may move relatively to the photodiode.

2.8.3 Preparation and mounting of the sample

The instrument makes it possible to explore the samples, which have linear dimensions in the plane
up to 100 mm and width up to 15 mm.

2.8.3.1 Mounting of samples of small size
Standard substrate for fixing the samples:
- The samples, which have small sizes (less than 10-12 mm), it’s recommended to fix them on

the substrate, which is placed at the sample’s holder;

- It’s recommended to use substrate (Fig. 2-100). The substrate is made of poly-crystal sapphire
and has dimensions 24 x 19 x 0.5 mm;

- You can also use any other substrate of such type with a width of 0.5 mm as a substrate for
fixing the samples;

- The samples, which have sizes more than 10-15 mm but less than 40-50 mm, it’s
recommended to fix them on a special transition substrate (Fig. 2-100). You can also use a
standard backing with with a transition substrate stuck on it with a width of 2 mm. The width
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of the plate must be enough to lift up the sample above the clips of the holder. And the width
must be less than the distance between the clips. The sample is fixed on a transition substrate;

- For fixing samples on substrate you can use a double side sticky tape;

™

Fig. 2-100 Fig. 2-101

- If it’s necessary to provide electric connection between the sample and the elements of the
device, then it’s recommended to use a special substrate with a spring contact (Fig. 2-102);

Fig. 2-102

- When using a special substrate the electric connection of the sample with the device is
provided by a spring contact. The contact is connected through a connective wire with a plug
to the correspondent receptacle placed on the block of feed. On the block of feed there are two
receptacles (Fig. 2-103). Receptacle 1 is meant for provision of a fixed Bias voltage (BV) and
receptacle 2 for grounding.

Fig. 2-103
1 -"“Bias voltage” socket; 2 — Ground socket
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Sample’s holder:

For installation of the samples of small sizes there is a special table for objects
(Fig. 2-104, Fig. 2-105), which base is made of magnetic material;

g 1

Fig. 2-104

The table for objects is placed on a magnetic fixing arm (Fig. 2-106), placed on the flange of
the sample holder. Such a construction makes it possible to rotate the table for objects around
the vertical axle for any angle, which provides the installation of any necessary orientation of
the sample in the planes X, Y;

Fig. 2-105 Fig. 2-106

The substrate with a fixed sample is installed onto the object table of the sample holder.
During the installation the substrate is inserted from a side under the clips from the sides of
two balls (Fig. 2-107) in such a way that the clips press the substrate and the lower surface of
the substrate is supported by three supporting balls (Fig. 2-109).

Fig. 2-108

Fig. 2-107
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2.8.3.2 Installation of the samples of big sizes

- The samples, which have linear dimensions more than 20 mm and less than 100 mm, you can
install them directly to the table for objects of the holder;

- You can also use some transitive flat parallel plate, which has enough large dimensions. You
can fix a sample on this transitive plate, and the plate itself can be placed on the table. Also the
samples, having not big linear dimensions, can be fixed on such a plate.

2.8.4 The installation of scanning measuring head
During this process it’s necessary to make the following:

1. install measuring head on the approach unit;
2. check if plane of measuring head bottom is parallel to the plane of the sample;
3. move the sample to the probe at the distance of approx. 0.5-1 mm.

2.8.4.1 Installation of measuring head on the approach unit

- Before installing the measuring head it’s necessary to estimate the difference between the
probe and the surface of the sample after the measuring head will be installed. It’s necessary to
make sure that this distance is enough (not less than 1-2 mm) in order to avoid damaging the
probe and the surface of the sample. If you see that the distance is not enough, it’s necessary to
lower the sample to the sufficient distance;

- In order to move the sample the easiest way is to use the handle of fast feed, which is situated
down on the approach unit (Fig. 2-109). The sample moves down when rotating the handle
clockwise (if you look from the side of this handle). Besides, the sample may be moved with
the help of a step engine with the use of the program of the device operation, please, see (see
this Instruction Manual, part 3);

Fig. 2-109 Fig. 2-110

- The measuring head is installed with inserting the screw supports into the fitting socket
(Fig. 2-110) in such way that the front supports of the measuring head, fixed with contra-nuts,
fit into the sockets with a hollow and a groove.
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2.8.4.2 Checking the plane of the SPM head base and the sample base for being

parallel

& Note. It’s necessary to carry out this procedure only when installing the measuring head

for the first time. If the correlation between the plane of the measuring head base and
the plane of the universal stage of the approach unit for being parallel has been already
carried out and if you are sure that the length of measuring head supports hasn’t
changed, then you don’t have to execute the procedure of checking the base of
measuring head and universal stage for being parallel

For lessening the “parasite” inclination when scanning, it’s necessary that the plane of
measuring head base is parallel to the plane of the table for objects. (In the suggestion that the
form of investigated sample is near to the flat-parallel one);

For checking the base of measuring head for being parallel to the plane of the table for objects
it’s enough to use a usual ruler;

It’s necessary to measure the distance between the base of measuring head and the plane of
universal stage near to each of three supports, for example, as it’s shown on Fig. 2-111;

It’s necessary to make the distances in these points the same through regulating the length of
the supports. Using a ruler with millimeter divisions provides setting the distance with 0.5 mm
accuracy that is completely enough.

Fig. 2-111 Fig. 2-112

2.8.4.3 A preliminary landing of the sample to the probe

The easiest way to execute the preliminary landing is to make it by hands with the help of a
handle of fast feed (Fig. 2-109). Let us remind you that rotating the handle counter clockwise
lifts the sample up (if you look from the side of the handle);

Looking from a side convey the sample to the probe at the distance of 0.5-1 mm
(Fig. 2-112);
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- If it’s necessary place a protective cap (Fig. 2-113). Ground it having connected it with the
body of the approach unit by a grounding wire.

?%\ Note. It’s recommended to work with the cap in the following cases:
a) if it’s necessary to get a high resolution in XY plane or over Z;
b) when you carry out temperature measurements ;
c) for protection from temperature jumps, for example, when there are draughts;
d) in order to lessen the level of acoustic noises;
e) when carrying out electric measurements

Fig. 2-113
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3 Contact Atomic Force Microscopy

The operation of the device involving the modification of the surface topography using contact
mode of scanning forms the basis for the implementation of a number of other modes and
techniques, such as Lateral Force Mode, Force Imaging Measurement Mode, Adhesion Force
Imaging Measurement Mode and Local Hardness and Viscosity Imaging Measurement Mode (in
combination with modulation techniques).

3.1 Constant Force Mode

3.1.1 Introduction: initial state and basic operations of contact
microscopy mode

Initial State

It is assumed, that the device is prepared for operation.

- The device is switched on;

- The program is started and the program main window is displayed;

- The cantilever is mounted and the optical registration system is adjusted,;

- The sample is mounted and SPM detecting head is installed with the sample landed to the tip.

Basic operations of contact microscopy mode

The operation of the device in contact microscopy mode can be subdivided into a sequence of the
following basic operations:

1. Switching the device over to the contact mode of operation;

Setting the initial level of DFL signal (feedback loop signal);

Landing the sample to the tip;

Setting the operating level of the Feedback Loop Gain;

Selecting an SPM mode;

Selecting and setting the scanning size, the points number and the scanning step size;
Selecting and setting the velocity of scanning;

Checking other settings of the parameters of scanning;

© © N o g s~ D

Starting the scanning process;

10. Adjusting the parameters of scanning (if necessary);
11. Saving the obtained results;

12. Switching the device off.

Each of the above operations consists of a certain series of elementary operations.

Below follows a more detailed description of the abovementioned basic operations.
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3.1.2 Switching the device over to the contact mode of operation

- To switch the device over to the contact mode of operation, it is necessary to set the mode
selection switch (the fourth in the main bar) to Contact position, as shown on Fig. 3-1;

W Solver 1.0.26.477
File View Seffings Todks Help Contact DH ta¥ re| [FeGan 1500 DFL ~ | 1051 [SetPamzom = | Biasv v [o000 v [Sgieer  [(H

Data o | Airnig L) Resonance Approach Scan IV Curves =% Litha RL Maowver tﬂ Stage
1 e e W = —_— ]
Fig. 3-1

- If this switch is set to SemiContact position, for example, as shown on Fig. 3-2, then select
Contact in the menu that opens when the switch is pressed;

R Solver 1.0.26.477
File “iew Sefttings Toolz  Help FB”FB [Eain 1.000 Mag -

SemiContact F
L Hemach ‘ Sean
....... ® SemiContact %

Data Aiming ﬁ Curves
= 's. a _ Tunnel Current - : _
DS-&E Do & K Custom 1 | B TRl v|

Fig. 3-2

& Note

- The mode selection switch of the device can be set to one of the following positions:
Custom, Contac, SemiContact and Tunnel current;

- When the switch is set to Contact position the device automatically performs all
commutations, necessary for operating in the contact mode: DFL signal is fed to the
feedback input with the generator set to off and the required parameter values are
set, etc. Similarly, the selection of SemiContact, (or Tunnel current) positions
results in the automatic commutations necessary for operating in the SemiContact
(or tunnel) modes;

- If Custom position is selected, a user is free to adjust the device settings and
implement different configurations and positions of the device.

3.1.3 Setting the initial level of DFL signal

The value of the initial level of DFL signal, corresponding to the free unbent state of the cantilever
is determined by the way the photodetector is installed relative the cantilever reflected beam. Zero
value of DFL signal corresponds to the laser spot positioned in the middle between the upper and
the lower parts of the photodiode with the spot area distributed evenly.

The value of the initial level of DFL signal can be adjusted using knob 4 (Fig. 3-3) performing the

mechanical movement of the photodiode in transverse direction relative the cantilever reflected
laser beam.
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A detecting head A scanning detecting head

Fig. 3-3. Photodiode vertical movement screw

DFL signal level adjustment procedure

1. Go to the window of photodiode signal adjustment Aiming using Aiming bookmark of the
operations bar (Fig. 3-4). The window comprises a table representing the current values of
photodiode signals and an indicator of the position of the laser spot relative the photodiode
segments.

File Wiew Settings Toolz Help Cortact |v| EEFBl IFB Gan1500  DFL =
Data I Airnirg _ﬁj! Rezonance e Approach ‘ % Scan E Curves
[

[
{

Fig. 3-4

2. Watching the signal level on the indicator set the initial level of DFL signal close to zero
(Fig. 3-5), using the photodiode vertical movement screw (see Fig. 3-3)

DFL 0,00
LF -0,02
Laser 31,43
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3.1.4 Approaching the sample to the tip

1.

2.

3.

Go to Approach window using Approach bookmark of the operations bar (Fig. 3-6);

Data Airnirg | _iJ! Resanance I g .-'1'-.|:||[:|\r|:|a|:h | § Scan E Curves % Lithio
b
| | Stupl P Landingl Backward M| One Step| MW Fast | Maving 0,25 mm || Way = 0.0 um ¥

I*_}—g- Auto SetPoint | Forward | Orne Step]  =Fast [ Moving |0.35  mm ﬁ Settingsl
=l @ %|$€|‘l &I IDefauIt 'I mﬂﬁjﬁ

+]—Signal Foirt Feriod (2] Pausa (ms) (Colar
f LFL 1000 9,00 200 11

Fig. 3-6

Check the position of the button for the automatic setting of Set Point parameter. Auto
SetPoint button should be activated as shown on Fig. 3-7;

1] 300 1000 1500

. v —
Iﬁgutu SetPaint M'

Fig. 3-7 Fig. 3-8

| Stupl - Landingl

Start the approach procedure by pressing Landing button.

All of the above should vyield the following results
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The value of Set Point parameter is automatically set exceeding the current value of DFL
signal by two units (i.e. Set Point=DFL+2).

The feedback is switched on and Z-direction piezo scanner is protracted to the maximum. The
protraction of Z-direction scanner is illustrated by the analog indicator of scanner protraction,
located in the left lower field of the program main window (Fig. 3-8). The degree of scanner
protraction is characterized by the length of the color bar.

The incremental mover is switched on, moving the scanner with the sample in the direction of
the tip.

Watch the DFL signal changes in the oscilloscope window during the approach procedure,
while watching the progress of the scanner protraction indicator. Wait till the procedure is
completed.

On condition the approach parameters are set correctly, the procedure is completed after some
time, leading to the following:

DFL signal increases to the value of Set Point parameter with the feedback maintaining Z-
direction scanner in the position where DFL signal equals SPoint with the position
corresponding to approximately a half of the scanner protraction range;

The length of the indicator’s color bar decreases and stops somewhere in the middle
(Fig. 3-9);
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v I o7

Fig. 3-9

- The incremental mover stops;

- The increase of DFL signal to the value of Set Point parameter is represented on DFL (t)
dependence on the oscilloscope (Fig. 3-10);

- The oscilloscope displays an «OK» message box (Fig. 3-10).

Fig. 3-10

To continue, press OK button and go to the next operation (see page 71, i. 3.1.5).

& Note: Special cases

It can be so that after the approach procedure is performed and DFL signal is increased
to the value of Set Point parameter, DFL(t) dependence demonstrates a considerable
increase of DFL signal variable component (as shown on Fig. 3-11 for example). This
means that a generation occurs in the feedback loop due to the fact that the value of FB
Gain parameter is too high. In this case the value of FB Gain parameter should be
decreased to 0.5-07 of the threshold level. The procedure of FB Gain parameter
adjustment is described below in i. 3.1.5 on page 71.
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Fig. 3-11

& Note: On selecting and setting of Set Point parameter
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The value of Set Point parameter is automatically set to exceed the current value of
DFL signal by two units (i.e. Set Point=DFL+2) with the option of “automatic
setting of Set Point parameter” deactivated (i.e. with Auto SetPoint button
activated)

If Auto SetPoint button is deactivated, it is necessary to set the value of Set Point
parameter manually, using Set Point parameter field located in the upper bar.

The recommended initial value of Set Point parameter should be equal to the sum of
the following: DFL signal plus (5-10)% of LASER signal value (i.e.
Setpoint=DFL+(0.05+0.1)xLaser).

When selecting an optimal value of Set Point parameter the considerations
presented below should be taken into account. The difference between the value of
Set Point parameter and the initial value of DFL signal defines the value of
interaction between the apex of the tip and the sample surface. The greater is the
difference between the value of Set Point and the initial value of DFL signal, the
greater is the value of cantilever deviation and the greater is the force of the tip-
surface interaction. Thus, modifying the value of Set Point parameter relative the
initial value of DFL signal can result in modifying and setting a certain force of the
tip-surface interaction, which provides the possibility to obtain surface topography
images with certain levels of the tip-surface interaction.

If the difference between the value of Set Point parameter and the initial value of
DFL signal is too great, which corresponds to the tip-surface interaction of
considerable force, it can result in the destruction of the tip, as well as the surface
during scanning.

If the difference between the value of Set Point parameter and the initial value of
DFL signal is too little, which corresponds to maintaining the tip-surface interaction
of medium force, the operation of the tracking system may turn unstable.

The value of Set Point parameter cannot be less than the value of the initial level of
DFL signal or cannot exceed the value of LASER signal.
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3.1.5 Setting the operating level of Feedback Loop Gain

The greater is the value of Feedback Loop Gain (FB Gain parameter), the greater is the velocity of
feedback loop operation. But at a considerable value of feedback loop gain (let us call it the
threshold value) the operation of the tracking system becomes unstable, triggering the process of
“generation”. This is manifested in the form of DFL signal variable component of a considerable
value.

To provide stable operation it is recommended to set the Feedback Loop Gain not greater than 0.6-
0.7 of the threshold value, triggering the process of “generation”. The value of Feedback Loop Gain
is adjusted by modifying the value of FB Gain parameter.

Setting the operating value of FB Gain parameter

- Open FB Gain adjustment window by double-clicking the mouse button in FB Gain value field
(Fig. 3-12). Watch the value of DFL signal on the oscilloscope while increasing the value of

FB Gain.
ot |+|[5F re [Fe Gain 1,0%} DFL « | 215 |[SetPaint201 3
IE | mul [ [ O [ I (R
: ] ‘ 2 4 (] (i 10 12 14 16 18 20
L

+ Landing| | Backward -l One Step| e Fast | Moving|0.35 mm | wau= -35

Fig. 3-12

- Determine the value of FB Gain, which triggers the process of generation. The start of this
process is characterized by an abrupt increase of DFL signal variable component

(Fig. 3-13).

I . I . I . . . . . . I .

2 S S A Lo b i .
. ] h i i h I h I : i \
I . . . . . I .

----------------------------------------------------------

Fig. 3-13

- Decreasing the value of FB Gain parameter set the operating value of 0.6-0.7 from the value of
FB Gain, which triggers DFL signal generation.

71



SPM Solver PRO Instruction Manual

3.1.6 Setting the parameters of scanning

Go to SCAN window using SCAN bookmark of the operations bar (Fig. 3-14).

Approach ‘ Scan
W [E :

Il Pass—
. Mode |I:|:.nta-::t T opography [':Dnﬂfj _gm Il Pass
Scan Rate |+|16 Hz Subtract MHone |*|

C Cyclic Scan Size |v|‘||1|:|3? 3'¢|1|1|:|3? Ium jg:l & Settings

Data

ﬁ Curves |

Fig. 3-14

The menu of the parameters of scanning is located in the upper part of SCAN window. The menu
consists of three lines. Below is the univariate data representation field, displaying the measured
signal row-wise during scanning. Below the invariate data representation field is the window for
displaying the scanned image.

3.1.6.1 Setting SPM operating mode

The contact mode “Contact topography” is set as SPM operating mode by default with the name
of the operating mode displayed in the mode selection field “Mode” (Fig. 3-15), located in the first
line of “SCAN” window control panel.

tode |Contact Topography [Eunstej a Direction |
b ode IEDntau:t Topography [Eurﬁ;tej a Direction | : Custam
Hun ca ;_:I:I'_.'I::_ opograpny
P Scan Rate |T|'| B Hz Subtract Mane |v| Cantact Constant Height
| Lateral Force E:l
—— Force Modulation

O Cyclic | Scan Size |v|'| 0.037 XI‘I 0.037 Ium jE:l — |Spreading Resigtance

dc Magnetic Force

Fig. 3-15 Fig. 3-16

& Note:

Any SPM mode, compatible with contact microscopy can be set if necessary. To select a
mode, it is necessary to double-click in the SPM mode selection field
(Fig. 3-15) and select the required operating mode in the menu that opens (Fig. 3-16).
All related commutations in the device, necessary for the implementation of the selected
mode are performed automatically.

3.1.6.2 Setting the scan size, the points number and the scanning step size

The parameters «Scan Size» (the size of the scanned image), «Point Number» (the number of
points in X and Y directions) and «Step Size» (the step of scanning) can be modified using the
respective parameter selection button (Fig. 3-17), and entry fields, displaying the current value of a
parameter set. An example below (Fig. 3-17, Fig. 3-18) illustrates the selection of “Scan Size”
parameter with the image size of 10,037x10,37 nm.
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Fig. 3-17 Fig. 3-18

To set the required parameter, it is necessary to press the parameter selection button and select
the required parameter in the menu that opens (Fig. 3-18). To modify the value of the parameter
it is necessary to double-click in the respective entry field and set the required value using a slider,
that opens. The value of a parameter can also be modified directly in the respective entry field by
editing the figures from the keyboard.

“Scan Size” parameter

The value of “Scan Size” parameter is automatically set to maximum by default. Thus, this value
comprises 10x10 mcm? for 10-micron scanner as is shown in the example on Fig. 3-17,
Fig. 3-18 and 50x50 mcm? for 50-micron scanner. This value for 3-micron scanner
comprises 3x3 mcm? respectively.

The scan size, different from the maximal is set using the respective parameter selection button and
an entry field as is described above (see p. 3.1.6.2).

@\ Note. On the selection of the initial scan size:
What should be the initial scan size? The answer to this question depends on the
properties of a sample, as well as on the tasks and goals set:
- In case any preliminary data on the surface properties is available and a confidence
is present that the differential of height of the expected surface topography does not
exceed the limits of z-range of the scanner, a maximal scan size can be set.

- In case the data on the surface properties is not available, it is recommended to start
the scanning from the smaller size area of 0.5=1 mcm, for example. Based on the
results of scanning of a smaller area the optimal values for such parameters as the
velocity of scanning, Set point, FB Gain can be selected and set. The scan size can
then be increased.

«Point Number» parameter

The value of «Point Number» (the number of points in X and Y directions) is automatically set to
256X256 by default.

This value can be modified if required, as well as the value of scan size. The value of the parameter
is modified by the respective parameter selection button or using the entry field, as described above
(see p. 3.1.6.2).
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«Step Size» parameter

With the scan size and point number set (“Scan Size” and “Point Number” parameters
respectively) the step of scanning (“Step Size” parameter) is set automatically according to the set
values of “Scan Size” and “Point Number” parameters.

Modification of «Step Size» parameter automatically modifies the value of «Scan Size» parameter
correspondingly, whereas the value of «Point Numbers» parameter remains the same.

3.1.6.3 Setting the parameters of scanning: velocity of scanning

It is recommended to set the frequency of scanning of lines (Scan Rate parameter) within the range
of 0.5-2 Hz. The frequency of scanning is automatically set within this range at the program start,
accompanied by the loading of standard parameters (Fig. 3-14).

The frequency of scanning (scanning velocity) can be modified, if required, by the scanning
parameter selection button and the entry field, located next to the button.

@x Note. Ways of modification the velocity of scanning

- The velocity of scanning can be modified by modifying any of the four temporal
parameters: the frequency of scanning of lines Scan Rate, or the velocity of
scanning of a line «Velocity», or the time of scanning of the total area of scanning
«Scan time» and the time, required for scanning of each point of the area of
scanning «Time/point»;

- The button for the selection of temporal parameter is located in the third line of
“SCAN” control panel, Fig. 3-19). The button displays the selected parameter (like
Scan Rate in the example on Fig. 3-19). Press this button to set the necessary
parameter and select the required parameter in the menu that opens (Fig. 3-20).

Mode ID::ntan:t Topoagraphy [Ennstej a Direction I Scan Fate jILE Hz
PH Run Scan time
Scan Flate[ Ivll‘l & Hz Subtract Mane |v| Time/point 10037 X

® ScanRate

3 Cychic ScanSiee|J10037 *[10037 [um x| [H-] Velocity

Fig. 3-19 Fig. 3-20

- An entry field, displaying the current value of the parameter set is located next to the
selection button. Double-clicking the mouse button in this field opens a slider, which
can be used to modify the value of the selected parameter. The value of the
parameter can also be modified directly in the entry field by editing the numbers
from the keyboard.

3.1.7 Scanning

Let us consider an example of scanning of a sample in the form of a rectangular grid (standard
TGZ-1 grid, scan step of 3 mem, with the step height of 19 nm).
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3.1.7.1 Scanning start

Once the preparatory operations are performed, the tip is landed to the sample, the set point is
selected and the parameters of scanning are set, the process of scanning the sample surface can be
started.

To start scanning it is necessary to press RUN button, located in the left upper part of SCAN
window (Fig. 3-21).

Mode IEnntact Topography [Ennstej g Direction |
h Run
l:} Scan Rate |v|1,EG Hz Subtract MNane |v|

G Eyc:liu:l Scan Size |v|‘||j,|33?‘ X|1D,E|3F" Ium jg:l

Fig. 3-21

Pressing RUN button yields the following results:

- The tip starts scanning the sample surface row-wise with the scanned surface image (the image
of a rectangular grid in our example) appearing gradually in the image display window
(Fig. 3-22).

Sen_Height

Fig. 3-22

- The univariate data representation field alternately represents the profile lines of the scanned
surface topography (Fig. 3-23).
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Fig. 3-23

- Some buttons on SCAN panel are replaced with buttons Pause, Restart, Stop (Fig. 3-24)..

| Pass——
Mode IE:::ntau:t Topography [Ennsth et | F'ass
B Stop
Scan Rate |v||1 B Hz Subtract Mone | |

(7 Cyclic || N Pause | ¥ Hestartl % Seftings

Fig. 3-24

In case the scanning should be stopped for some reason, press Stop button or use “Esc” button of
the keyboard.

3.1.7.2 Modifying the parameters during scanning

Plane subtraction:

The sample is a bit tilted in X direction in the example above (Fig. 3-20, Fig. 3-21).

The tilt can be subtracted directly during the scanning (i.e. in on-line mode) using Subtract button
switch. The button is set to None (Fig. 3-22, Fig. 3-23) by default.

Mode IE:::ntau:t Topography [Ennstej o DirEsticr | Mode IE:::ntau:t Topography [Ennstej o WirEstion |
Scan Rate |=|2.0 Hz Subtract Maone |v| Scan Rate |v|2,[| Hz Subtract Plane |v|

Il Pauze | ¥ Hestartl Il Pauze | ¥ Hestartl

Fig.3-25 Fig.3-26

If this button is pressed, setting Plane position subtracts a plane and the previous image on
Fig. 3-20 would approximately look like the image on Fig. 3-27.
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Fig. 3-27

The univariate data representation field would correspondingly represent the current line of the
profile of scanning minus the subtracted plane. Instead of the profile on Fig. 3-21 a profile on
Fig. 3-28 would be represented.
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Angstrom
Fig. 3-28

Subtract button switch can alternately be set to the positions of 1st-order curve and 2nd-order
curve. The first position subtracts the 1st order curve (plane subtraction), whereas the second
position subtracts the 2nd order curve.

3.1.7.3 Adjusting the parameters during scanning

The quality of the obtained image essentially depends on such parameters as the velocity of
scanning Velocity (frequency of scanning Scan Rate), the value of set point Set Point, and
feedback loop gain FB Gain. Any of these parameters can be modified directly during scanning.
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Pause button is intended specially for adjusting the parameters. When this button is activated, the
scanning in the slow direction stops, whereas the scanning in the fast direction continues, going
along one and the same line. This operation mode can be used for selecting the optimal parameters.
The modification of the profile, corresponding to the scanned line resulting from the modification
of the corresponding parameter, for example scanning velocity (or Set Point value or the value of
FB Gain) can be observed during the procedure.

Press the special Restart button to restart scanning.

3.1.7.4 Certain recommendations on the optimization of the parameters of
scanning

The selection of the optimal value of the velocity of scanning depends on the properties of the
investigated object surface, the scan size and the environment conditions.

A surface with a smooth topography can be scanned with the velocity higher than that of scanning
the surface with a more pronounced topography and considerable height differential.

The velocity of scanning should be decreased in case a slope of a projection or that of a hollow is
not registered.

3.1.8 Saving the obtained results
To store the obtained results to the hard disc, it is necessary to do the following:

- Press File button (the first button in the upper bar of the program window, Fig. 3-29).

ﬂaﬁb"iew Sets Help | Comsct  |+|[%37re [FEGani100 orl [ 215 |
[rata e Approach ||T§ Scan

Fig. 3-29

ﬁ Curves

- Press Save in the menu that opens and store the data in the form of a randomly named file
with *. MDT extension.

@x Note: Once the sample surface scanning is completed, the resulting surface images are
stored in random access memory. A separate frame corresponds to each of the scanned
image of surface. The frames are numbered according to the order they were obtained.
If no data saving is performed, the data is lost on exiting the program.
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3.1.9 Operation completion
To complete the operation, perform the following actions:
1. Remove the sample from the tip by 2-3mm.

To accomplish this, it is necessary to do the following:

- Goto Approach window, using Approach bookmark in the operations bar (Fig. 3-30),

‘ Alming ‘ ?J! Resonance I e Approach % Scan g Curves
I
=

r“ Landingl Backward -] One Stepl *11Fast|h-10ving|l135 mm || way= 0.0

Fig. 3-30

- Double-click the mouse button in Moving parameter entry field, for Backward
(Fig. 3-31),

Backward | One Stepl ﬂiFa&thwing D,EEL\\?mm

Forward | One Stepl »Faﬂleing 0,35 mm

Fig. 3-31

- Set the value of 2-3mm, using the slider (Fig. 3-32),

Wwiap= 00 Ium 'l

Backward | One Stepl 41Fast|Moving|2,DD i

[ Landing |

Fig. 3-32

- Press Fast button for Backward (Fig. 3-33)

Backward <M One Stepl "11Fa§tJ oving |2.00  mm

Forward | One Stepl »FasthDving 0.35 [mm

Fig. 3-33

2. Switch off the feedback loop using FB button in the pulled position (Fig. 3-34).

Help Cortact |v|§Dg|FBGain1,nn DFL

Fig. 3-34
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3.2 Lateral Force Mode

3.2.1 Brief description of the Lateral Force Mode

The Lateral Force Mode allows to discern the areas with different friction ratios, as well as to
underline the smallest features of surface topography. The Lateral Force Mode may prove useful in
investigating semiconductors, polymers, film coatings and storage medium. It is also suitable for
the investigation of physiochemical surface properties, chemical parameters (of pollution, for
example) and tribological characteristics.

Physical implementation of the Lateral Force Mode involves the formation of torsion deformation
of cantilever, which occurs in addition to cantilever’s normal directional deformation during
Constant Force Mode scanning in the direction, perpendicular to the long axis of cantilever
(Fig. 3-35). This deformation is conditioned by the moment of force, acting on the apex of the tip.

direction of scanning
_|_'_'_'_h

diracticn \ TIP i - ™ area with
of scannin difterent friction
_‘_,L_- : ifferent friction

b
: friction force éﬁ
. sample ;

Lateral Force Microscooy image

Fig. 3-35 Fig. 3-36

The angle of twist is proportional to the lateral force on conditions the deflections are minor. The
value of cantilever’s angle of twist is measured by the optical registering system of microscope.

The angle of twist is changing as it moves from one area to another along a flat surface, consisting
of areas with different friction ratios (Fig. 3-36). This allows the assumption of a local friction force
measurement. Such interpretation is not possible in case of a developed topography.

This measuring mode nonetheless allows to obtain images with the smallest topography features
clearly visible, thus making their search easier. Besides, the parameters of crystal lattice on mica
and some other flaky materials can be easily measured in the process of measuring lateral forces.

3.2.2 A signal, related to the torsion deformation of cantilever
Optical registering system generates a “LF” electrical signal, which is modified in proportion to the

value of torsion deformation of cantilever. This signal is used to obtain the image of local friction
force, acting on a sample surface.
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3.2.3 Preparation and operation of the device in Lateral Force Mode

To prepare and perform the measurements in Lateral Force Mode, it is necessary to carry out the
operations, similar to those performed for operating in Constant Force Mode. These operations are
described above in Chapter 3.1 Constant Force Mode.

A brief rendering of these operations comes to the following:

- Select a contact configuration (using “Contact” drop-down menu);

- Set the initial level of DFL signal;

- Perform the procedure of tip-sample landing;

- Set the operating level of feedback gain;

- Select a mode: «Lateral Force»;

- Select and set up the parameters of scanning (scan size, number of points, velocity);

- Perform the scanning, obtaining an image of surface topography and the distribution of lateral
forces.

The main difference (as compared to operating in Constant Force Mode) lies in the fact, that
performing i. 3.1.6.1 Setting SPM operating mode on p. 72 a user should set “Lateral Force”
instead of “Contact Topography”.

To do this, it is necessary to select Lateral Force in PNL mode drop-down menu (Fig. 3-38). All
device commutations, necessary to implement the selected PNL mode are carried out automatically.

fiode Il:cuntac:t Topography [Cnr‘mtej g Direction | Mode | Contact Tapography [Eonstej a Direction |

Run [z | Cantact Topagraphy |
rNh Scan Rate |v|1,5 Hz  Subtract Mane Ivl iLateraIFu:m::E :
Force Modulation

Spreading Resigtance vI B
G E_I,Jclicl Scan Size |vI1D,D3,‘r‘ xlm,ug,‘f Ium jg:l il E_l

D' Magretic Force
Contact Constant Height

‘ | o

Fig. 3-37 Fig. 3-38

The second difference lies in the fact that two images are represented in data viewing area during
sample scanning (Fig. 3-39): the image of “LF” signal distribution is to the left, whereas to the right
is the image of topography (obtained using Constant Force Mode).
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Fig. 3-39

One of the images is selected (active). The left image is active in the above example
(Fig. 3-39). Clicking the mouse inverts the selection. The section profile of the image selected is
represented per line in the oscilloscope window.

3.3 Constant Height Mode

3.3.1 Brief description of the Constant Height Mode

The apex of the tip in Constant Height Mode is in contact with the surface. The cantilever’s end,
mounted to a chip is maintained on a constant height during scanning (in scanning with the
feedback switched off). The value of cantilever deflection (deformation) is correspondingly
proportional (on condition the deflections are minor) to the pressing force of cantilever and reflects
the sample surface topography.

The cantilever’s surface tracking dynamics in scanning is restricted by the frequency characteristics
of cantilever and not those of feedback, as is the case in Constant Force Mode. Resonance
frequencies of cantilever are much higher than the typical feedback frequency, which comprises
units of KHz. This allows scanning with higher velocities.

If the dependence of deformation of a cantilever used, on the distance between the chip of the probe
and the sample (i.e. the dependence of “DFL” signal on the distance between the chip and Z
surface in this example) is removed in advance, the image of “DFL” signal distribution can be
transformed into the image of surface topography, using this dependence.

Besides, on condition the deflection rate constant and geometric sizes of a cantilever used are
known, the image of distribution of the signal of cantilever’s normal deformation (“DFL” signal)
can be transformed into the image of distribution of a local force, acting on the cantilever.

It should be remembered however, that in major deflections from zero position the dependence of
“DFL” signal on the value of tip deflection becomes non-linear. The approximate range of linearity
depends on the cantilever — the shorter is the cantilever, the lesser is the range.
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The drawbacks of the mode include the requirement for sample surfaces to be rather smooth.
Besides, in the process of investigation of soft samples (such as polymers, biological samples, LB-
films and the like) their surfaces can deteriorate, as the tip maintains a constant mechanical contact
with the surface. In scanning relatively soft samples with developed surfaces the force of a tip,
pressing on the surface varies, accompanied by simultaneous irregular flexing of sample surfaces.
The resulting surface topography may be distorted. Possible existence of considerable capillary
forces, conditioned by the presence of water layer also degrades the resolution.

3.3.2 Preparation and operation in Constant Height Mode

1. To prepare and perform the measurements in Constant Height Mode, it is necessary to carry
out the operations, similar to those performed for operating in Constant Force Mode. These
operations are described above in i. 3.1 Constant Force Mode.

Preparation and measurement of surface topography in Constant Force Mode should be
performed in advance:

- Select a Contact configuration;

- Set the initial level of DFL signal;

- Perform the procedure of tip-sample landing;

- Set the operating level of feedback gain;

- Select a mode: Contact topography;

- Select and set up the parameters of scanning (scan size, number of points, velocity);

- Perform the scanning, obtaining an image of surface topography and setting up the
parameters of scanning.

2. Once the measurements of surface topography in Constant Force Mode are performed, do the
following:

- Set «Contact Constant Height» instead of «Contact topography» (Fig. 3-40, Fig. 3-41).

> Mode | Contact Topoaraphy [Eonstej 5 Direction | Mode Il:l:untac:t Carstant Height j
Run Contact Topography [Constant Forcg ["H Run =
| 264 | ateral Force M Scan Rate |v||1 f Hz Subtract
Force Modulation : —

Cucli | Spreading Resistance - - : -
M — |: Maetic Faorce Hm JE—' O Cyclic | Scan Size |"I1 0,016 XI‘I 0.01E F

i antHeaght

Fig. 3-40 Fig. 3-41

& Note: Setting «Contact Constant Height» results in automatic zeroing of FB Gain
(feedback gain) parameter value, which is equivalent to switching the feedback off and
fixing the mounted cantilever’s end on a constant height relative the surface. “DFL”
signal is applied to the input of ACR measuring channel simultaneously

- Start the scanning process by pressing «Runx» button.

A per line representation of “DFL” signal value, obtained using Constant Height Mode is
displayed in data viewing area while scanning a sample.
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3.4 Spreading Resistance Imaging

3.4.1 Measurement preparation
Probes with conductive coating are used to perform the measurements in question.
Prior to performing the spreading resistance imaging measurement do the following:

1. Select the type of scanning (“by sample”, “by tip”, or “double”) and “Contact” configuration
in program menu:

Help Contact Iv FE I

& Conkact

SerniConkack

7 E I‘E Tunnel Current I | @

= Cuskom

Fig. 3-42

Set the required value of “Set Point” parameter and activate the feedback loop.

0.042 |[[setPoint 2001 2 Contact _|+| [£3F Fe [FE Gain1.500

Fig. 3-43 Fig. 3-44

2. Perform the landing procedure. To do this, go to “Approach” bookmark and press
“Landing” button.

. Diata I g Approach ‘ é Scar

M Stop I [ Landing | Backward | One Step| 4Fast|Maoving|0,35 mm

H Suta SetPoint | Forward | One Step| 0= Fast| Moving |0.35 mm

Fig. 3-45

3. Perform the sample surface preview scanning.
4. Select a sample area, suitable for measurement.
5. Perform the scanning of the selected sample surface area.

A detailed description of the above operations is to be found in i. 3.1 Constant Force Mode.
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3.4.2 Mode selection and parameters setup
Select “Spreading Resistance” mode in “Mode” menu (Fig. 3-46).

The program sets up the signals, necessary for the measurement automatically.

I Pags——
Il CRES oreading Fesistance g Diirection |
p_ Run Il Pazs
Scan time | ” rit Subtract Mane | |

O I:_I,Iclicl Point Murnber |'|25I3 XIEEE IFE:' ﬁ Settings

Fig. 3-46. A view of scanning parameters setup panel once
“Spreading Resistance” mode is selected

Using “Bias V” parameter set the required difference between the sample and the tip potentials.

Bias¥ ~ [0.200 ¥ [ Laser
Fig. 3-47
3.4.3 Scanning
Go to “Scan” bookmark and press “Run” button (Fig. 3-46).
Two windows would appear on the display, one of them reflecting the surface topography
(“Height” signal), whereas the other reflecting the distribution of spreading current (“Ipr low”

signal).

Lighter areas of “Ipr low” signal correspond to higher conductivity and vice versa.
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Fig. 3-48. The topography and spreading currents distribution images of Cu-CrN alloy

The topography and spreading currents distribution images of Cu-CrN alloy (the applied voltage
comprising 0.1V) are exemplary.
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3.4.4 Ways of image improvement
If the image quality is unsatisfactory, you can do any of the following:

- Replace the probe (with another of different rigidity or conductive coating type);

- Change the value of difference between the sample and the tip potentials in “Bias V”
parameter (Fig. 3-47). A local surface oxidation is possible in case the voltage is too high;

- Change “Set Point” parameter (Fig. 3-43) (the force of the tip, pressing to the sample).

High pressing force can lead to the damage of conductive coating.

3.5 Force modulation

3.5.1 Measurement preparation

Prior to performing Force Modulation measurements, do the following:

1. Select the type of scanning (“by sample”, “by tip”, or “double™) and “Contact™ configuration
Help Contact F F|3| I
L JLJT & Contact

------- SemiConkack

Tunrel Current

Zuskam

Fig. 3-49

Set the required value of “Set Point” parameter and activate the feedback loop.

0042 |[SetPoirt 2001 2 Contact  |+| [£5F Fe [FB Gain 1,500

Fig. 3-50 Fig. 3-51

2. Perform the landing procedure. To do this, go to “Approach” bookmark and press “Landing”

button.
. [ata I " Approach | % Sat
|| Stup” r““““ Landing || Backward | One Step| - Fast | Maoving (0,35 mm

Hl Auto SetPoint | Forward | One Step|  =Fast | Moving |0,25 mm

Fig. 3-52

3. Perform the sample surface preview scanning.
4. Select a sample area, suitable for measurement.
5. Perform the scanning of the selected sample surface area.
A detailed description of the above operations is to be found in i. 3.1 Constant Force Mode.

After the topography measurements by the Constant Force Mode have been completed, it is
necessary to make set up the parameters for operation by the Force Modulation Mode.
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3.5.2 Mode selection and parameters setup

Select “Force Modulation” mode in “Mode” menu (Fig. 3-53).

Il Pass—————

IS EREF o b odulation ml

[\\ Run Il Pass
_seentine |+|fss i Sub"aC‘M

O C_l,lc:liu:l Fuoint Mumber |v|25E; K|25E; IFE:' ﬁ Seftings

Fig. 3-53. A view of scanning parameters setup panel
once “Force Modulation” mode is selected

The program shall automatically apply the generator alternating voltage to the scanner’s
Z-electrode, setting the system resonance frequency scanning limits (scanner, sample, tip),
switching over to the low frequency input of synchronous detector and setting the signals, necessary
for measurement.

System oscillations frequency setup (scanner, sample, tip)

Go to “Resonance” bookmark and press “Run” button to scan the resonance frequency (the
feedback loop should be kept active). To obtain optimal results, “Auto peak find” option should be
deactivated.

l— Options——— 1 Generator Lock-In
|\ Run [ From 5.000 kHz [~ fwto peak find Frequency |150,EIEIIJ kHz Low Pass Gah  Ham

| To 25000 iHa Ampliude  [0,20 v [0 o =

Generator output IZ vl B |5 Phaze ID,DD a Amp Gain |H1D VI

Responze signal IMag vl oot I1EIDE| Band |<55kH2 'I
Fig. 3-54

A resonance curve should appear in the oscillograph window, like the one on Fig. 3-55.

Erecunncy. ANr

Select “Frequency” parameter (Fig. 3-54), corresponding to one of the peaks.
The height of the selected peak should be in the range of 2-5 nA.

To achieve this the generator voltage (“Amplitude” parameter) (Fig. 3-54), or the synchronous
detector gain (“Gain” parameter) (Fig. 3-54) (photodiode signal gain) can be increased. Applying
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the maximal voltage of 1V to the scanner’s Z-electrode yields optimal results in the majority of
cases.
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3.5.3 Scanning
Go to “Scan” window and press “Run” button (Fig. 3-53).

Two windows would appear on the display, one of them reflecting the surface topography
(“Height” signal), whereas the other reflecting local rigidity distribution (“Mag” signal).

Lighter areas of “Mag” signal correspond to higher rigidity and vice versa.

Fuen_Haiight Suan_ Mg

e

Fig. 3-57. The topography and local rigidity distribution images
of two-component LB film

The topography and local rigidity distribution images of two-component LB film are exemplary.
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3.5.4 Ways of image improvement

If the image quality is unsatisfactory, you can do any of the following:
- Replace the probe (with another of different rigidity and resonance frequency);
- Select a resonance frequency, which corresponds to another peak;

- Change the generator voltage (“Amplitude” parameter) (Fig. 3-54), and the synchronous
detector gain (“Gain” parameter) (Fig. 3-54);

- Change “Set Point” parameter (Fig. 3-50) (the force of the tip, pressing to the sample).

3.6 Contact Error Mode

3.6.1 A Dbrief description of Contact Error Mode

The value of cantilever deflection changes in the process of scanning, depending on the sample
surface topography. The tracking system aims at maintaining a certain set level of cantilever
deflection value (Set Point), or the level of the deflection related signal (DFL signal in this case).
However, the tracking system cannot immediately return the current DFL value to the set point, as
it possesses a kind of inertia (characterized by the feedback loop time constant).

The current value of DFL signal (deflection related signal) is the signal of Error of the feedback
loop system during scanning and contains the surface topography data, additional to z-scanner
position. This signal can be used to perform a more precise topography imaging. A mode,
involving the simultaneous surface height topography imaging by Constant Height Mode and the
measurement of Error signal (DFL signal in this case) is called the “contact” Error Mode.

The Contact Error Mode can be considered to be the intermediate between the Constant Force
and Constant Height modes on condition the speed of the error signal (the feedback loop gain in
this case) effect is adjusted so that the feedback loop manages to follow the gradual modifications
of topography, skipping the rapid ones.

Then, with the tip moving over the minor irregularities of the sample surface the scanning is
performed preserving the length of piezo-scanner almost constant. This will result in a weaker
manifestation of gradual topography modifications on the scanned image, whereas the rapid
topography modifications will be manifested with high contrast. This may prove useful in finding
smaller irregularities on the background of the greater ones and relatively smooth topography
peculiarities.

3.6.2 Contact Error Mode preparatory procedures and operation

1. The preliminary operations include the accomplishment of preparations and the measurement
of surface topography using Constant Force Mode (i. 3.1 Constant Force Mode):

- A Contact configuration is selected;

- The initial level of DFL signal is set;

- The landing procedure is performed;

- The feedback loop gain operating level is set;

- The Contact topography measuring mode is selected;

- The parameters of scanning (scan size, number of points, velocity) are selected and set.
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2. Additionally it is necessary to activate the measurement of DFL signal at the input of the
second measuring channel.

To do this, perform the following:

- Open the measuring channels panel (Fig. 3-58) using “Settings” button on the scanning
control panel

Aiming y! Rezonance T4 Approach % Scan ﬂ Curves % Litho @ FL Mover % Therma 150°7
lPass—
Mode | Contact Topography (Const: = g Direction | I Pass
APass C | i | =5 Lih |
Soan Rate |' 18 Hz Subtract Maone '| E ammen S == e
Pass #1

| Scan Size |vI1U,U38 &|10,038 Ium jg:l | I ﬁ Settings l} Farward Backward Gain
: : ‘ ; ; ; ; Settings IHeight j alNone j

glNona j glNone j %1 'l

________________________________________________________

Fig. 3-58

- Click the mouse button on the “signal input field” of the second channel (Fig. 3-59)

Scan Setup Fanwmard Backward
E Comman I% Szanning g Litha ngeight j gl“one j
Pazs #1 = =

M - M -

Forward Backward Gain Filter = T1Dne J =| = J
(e freont x| Z[None x| 30kHel~] LF =

glNone bj glNone j %1 |v| ——U tunrel -

Z Senzor I

# Senzor |

W Sensor .

Y Ranns 500 =

Fig. 3-59 Fig. 3-60

- Select DFL in the “signals menu” that drops down. (Fig. 3-60)

3. During the sample scanning two images should be present in “SPM images field”
(Fig. 3-61): DFL signal image on the left and the topography image (obtained using Constant
Force Mode) on the right.

3.6.3 Examples of Contact Error Mode application

Below (Fig. 3-61) is the exemplary image of “DFL” signal (Error Signal) and the image of
topography (Constant Force Mode), obtained simultaneously during scanning of one and the same
area of sample surface (a standard rectangular TGZ-1 grid, the increment of 3mcm with the step

height of 19nm).
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4 SemiContact Atomic-Force Microscopy

Operation of the instrument when measuring a surface relief using a “SemiContact” (interrupted-
contact) mode is a basis for implementation a number of other modes and techniques connected
with application of resonance oscillations of the cantilever.

4.1 SemiContact Mode

4.1.1 Introduction. Initial State. Major Operations When Working Under
SemiContact Microscopy

We assume a preliminary initial preparation of the instrument had been made.
Initial state:

- Instrument is turned on;

- Program is launched; screen displays a program main window;

- Cantilever is installed; optical registration system is adjusted;

- Sample and SPM head are installed; approaching initial probe to the sample is made.

Major operations when working under a SemiContact microscopy mode

Instrument operation under a SemiContact microscopy mode might be divided into the following
sequence of major operations:

Switching the instrument for operation under a SemiContact mode;

Setting a cantilever operational frequency;

Setting a MAG signal initial level (feedback signal);

Approaching a probe to the sample;

Setting a feedback gain factor operational level,

Selecting an operational SPM mode;

Selecting and setting a scanning area size, number of scanning points, and scanning step;
Selecting and setting a scanning rate;

© 0o N o g s~ DN E

Scanning launch;

10. Tuning scanning parameters (if necessary) (8);
11. Saving acquired data;

12. Operation completion.

Each of the above-mentioned major operations consists of a certain sequence of easy actions.

Below is shown a more detailed description of the above-mentioned major operations.
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4.1.2 Switching Instrument for Operation under SemiContact Mode

To switch the instrument for operation under a SemiContact mode, you need to set a button-switch
(forth button in the main string) in SemiContact state as shown in Fig. 4-1.

W Solver 1.0.26.477
Eie View Sefings Tools Help __ SemiContacty -] %3t el [FeGan 00 Mas v [ 02 [SetPamsoo = By~ Joooo v [ [H

[rata o] Aiming :'J! Resonance Appraach Sian IV Curves =k Litha AL Maover 34-» Stage
1 I T W — == [
Fig. 4-1

If that button is in the other position, for example Contact, as shown in Fig. 4-2, then you need to
press it and select SemiContact in the opened menu (Fig. 4-2)

ESDI?EI 1.0.26. 477
File “iew Settings Toolz  Help Cortact F FB”FE Gain 1.500 DFL ~
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"""" SemiContact =
- - - Tunnel Current . i
D@~ o0 & %E oo 1 |@<— WD Fil={ S mdt] v|

Fig. 4-2

& Note:

- A button-switch for selection a mode of the instrument operation may be set in one of
four states: Contact, SemiContact and Tunnel current, Custom;

- When setting SemiContact state, the instrument would perform all the required
commutations that necessary for the SemiContact mode: MAG signal is applied to
the feedback input, generator sets itself in Probe state, and necessary parameters
are set and so on. Similarly, when setting Contact state (or Tunnel current), the
instrument would automatically make commutations that necessary for a contact (or
tunneling) mode;

- With setting Custom mode, a user acquires a full freedom in tuning the instrument
and it may implement very different configurations and states of the instrument.
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4.1.3 Setting Cantilever Operational Frequency

1. Shift to Resonance window under Resonance bookmark in the operations string (Fig. 4-3)

Eﬂ'dv.ﬁnﬂ -L.Hrm.,--‘wmﬁéhm _:Ii'f'.rm *‘:"-'Lﬁilﬂ

Diptons Geresio L pck 4
Feomm 201000 kHe Ao pesk frd | | Fiequency iHe Lewi Pazz  Gen Han
|T-.. SO0 ks AL S 3u|:-*|1u |1 =
mﬂwm“*i P TR
Fleaparas sgnal  [Hag =T Pasifland [5uH; =]
Fig. 4-3

2. Check a state of the frequency automatic tuning option. It is to be turned on as shown in
Fig. 4-4;

?Jﬁ Rezonance T Approach

IFrun G000 kHz
o Dlption | Genen Tn 500000  EHz
b Buito peak find Freques
1 _kHz {:} Kk Gienstator output iF'I’IZI“F" '*i
- ,| Avarage IE_ Phaze it ih’lau 3
Fig. 4-4 Fig. 4-5

3. Check a frequency range (From..., To...). It is to include a cantilever resonance frequency.

4. Launch a procedure of frequency automatic tuning by means of pressing Run button
(Fig. 4-5, Fig. 4-3).

As a result of that procedure there would be:

- Measured a frequency response of the cantilever oscillations (MAG’s signal);
- Determined a resonance frequency of the cantilever;

- Set an operational frequency of the piezo-generator equal to the resonance frequency of the
cantilever;

- Displayed a frequency response of the MAG signal near the maximum in the oscilloscope
(Fig. 4-6).

Fig. 4-6
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5. Draw your attention to a shape of the resonance curve particularly to the area of its peak. If a
view of the acquired dependence (especially in the area of the peak) roughly corresponds to the
dependence shown as an example in Fig. 4-6, than we may assume that automatic tuning had
gone successfully. In that case, we may shift to execution of the next operation (to Setting
MAG Signal Initial Level.)

In most cases, automatic tuning goes successfully, and a resonance frequency curve has a quite well
shape.

Special Cases

It might be happened that after execution a procedure of the frequency automatic tuning, a
resonance curve displayed in the oscilloscope has a distorted shape of the peak. Those distortions
may be different, for example, a resonance peak may be widened as shown in Fig. 4-7 or to have
several local maximums.

Distortions may be connected, for example, with:
- That the cantilever has too large amplitude of oscillations (too large value of the generator

voltage had been set.)

- Or too large gain factor had been set (a synchronous amplifier gain factor — Gain parameter —
and a preamplifier gain factor.)

- Or both the listed factors are simultaneously available.

First case: A “tip” of the resonance curve has a distorted shape and at that values in the area
of maximum do not exceed 35-40 units.

If a “tip” of the resonance curve has a distorted shape and values at that in the area of maximum
exceed 35-40 units (for example, as shown in Fig. 4-7), than you need to reduce a value of the
synchronous amplifier gain factor (Gain parameter); or to reduce a value of the preamplifier gain
factor.

You need to reduce a value of the gain factor so much that a value of the MAG signal would be
reduced to 20-25 units. (The preamplifier gain factor may have two values: 1 or 10.)

Freguensr, i

Fig. 4-7
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To reduce a value of the synchronous amplifier gain factor (Gain):

- Double click in the Gain enter field (Fig. 4-8); as a result a slider would be opened (Fig. 4-9)

Lockdn——————

Generator Lock-r
Low Pass Gan  Ham < find ’7Frequency |2D3,BDB kHz ’T_ow Pass Gain  Ham
|2,DD |1U,U |}|1 = | Ampliude [010 wx 1 v [200 " Jioo i 2
Gain Ix‘l 'I - %"_‘
| | | | | | | | | |
Band|>55kHz 'I ] 1 "woo» 30 40 50 60 70 80 90 100 |
Fig. 4-8 Fig. 4-9

Reducing with the help of a slider a value of the Gain parameter (Fig. 4-10), reduce a value of
the MAG signal to 20-25 units. This value is monitored in the feedback signal window-

indicator (Fig. 4-11)

ﬂ ’75:322:;: |203,BDS kHz ’T_Loflé":sls Gain  Harm Mag - |LSD|\“ SetPaint 500 = Bias¥
| Amplitude |010 Wx 1 |2»DD I‘LE F Approach § Slggn ﬁ Curves g Litha
i 8 Generator Lock-r

E 1'7%1'1 2 2 " 50 0 ) " 2100 | l —‘(Frequenw [203.608 ke ’T_ow Pass Gain

i = Ampitude {010 vx 1+ 200 [+

Fig. 4-10 Fig. 4-11

- After reducing the MAG signal to 20-25 units, launch a procedure of frequency automatic
tuning again by means of pressing Run button.

- If distortions of the resonance peak are disappeared, then shift to the next operation (see i.
4.1.4 Setting MAG Signal Initial Level on p. 96) Otherwise, repeat actions 1-3 or reinstall the
probe sensor.

Second case: A resonance peak has a distorted shape and at that values in the area of
maximum are lower than 35-40 units.

If a resonance peak has a distorted shape, and at that values in the area of maximum are lower
35-40 units (as shown in Fig. 4-12, for example), then you need to:
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Fig. 4-12
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Reduce a generator voltage. To that end, you need to double click in the Amplitude parameter entry
field, Fig. 4-13, and using a get opened slider (Fig. 4-14) to reduce Amplitude parameter in several
times.

Generato Option: Generator Lockdn
: -
Frequency |203,541 kHz v Auto peak find || Freguency |203,841 kHz L20bD\lDF'ass 1agm H:;ﬂ:
i Amplitude 1010 ¥x 1 = 2 I - -
Amplitude 1010 wx 1 = [ . —
[o— 0,10
o
Phaze 0.ao I E | | | | | | 1 | | | | L
= 1] o, 0.2 0,3 04 0.5 0,6 0,7 0,8 0,9 1
| Fay
Fig. 4-13 Fig. 4-14

Launch a procedure of the frequency automatic tuning again using Run button.

2. If distortions of the resonance peak are disappeared, then shift to the next operation (see i.
4.1.4 Setting MAG Signal Initial Level on p. 96) Otherwise repeat actions 1-3 or reinstall
a probe sensor.

4.1.4 Setting MAG Signal Initial Level
We recommend setting an initial level of MAG signal in the 20-25 units range.

We recommend making setting a MAG signal initial level by mean of adjusting a generator voltage
(by means of changing Amplitude parameter) and a multiplier of the dividing-amplifying stage in
the generator output.)

& Note: In the case considered above in point 0 (when a cantilever frequency had been
tuned, we were observing distortions of the resonance curve peak and reduced a
generator voltage), adjustment of the MAG signal initial level is made by means of
changing a gain factor of the synchronous amplifier (Gain.) A procedure of adjusting
the synchronous amplifier gain factor is stated above in point 0

Adjustment of the initial level of the MAG signal by means of a generator voltage:

1. Open a slider of Amplitude parameter by means of double clicking in the entry box for the
given parameter (Fig. 4-15, Fig. 4-16);

Generato Option: Generator Lockdn
: -
Frequency |203,541 kHz v Auto peak find || Freguency |203,841 kHz L20bD\lDF'ass 1agm H:;ﬂ:
i Amplitude 1010 ¥x 1 = I I - I -
Amplitude 1010 wx 1 « [ . —
[o— 0,10
o
Phaze 0.0 I E | | | | | | | | | | | L
= 1] o, 0.2 0,3 04 0.5 0,6 0,7 0,8 0,9 1
= iy
Fig. 4-15 Fig. 4-16

2. Changing Amplitude parameter with the help of the slider set a value of MAG signal equal to
20-25 units. Monitor a signal value in the feedback signal value display field (Fig. 4-17). If
necessary, switch a multiplier of the generator amplifying-dividing stage. That multiplier is
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located next to the Amplitude parameter entry field, to the right, and may have one of three
states: 0.1, 1, and 10.

Mao v | 2080 |[SetPoint500 %  BiasV
[,

[
Approach | % Scan % Litho
Generator
—HrFrequenc:y |2DS,EDB kHz
Ampltude 010 Wx 1 =

Fig. 4-17

ﬁ Curves

Low Pazs Gain

Lock-ln—————
|7| 2.00 |4,8

@\ Note:

- A MAG signal level you may adjust by means of changing a gain factor (Gain
parameter of the synchronous amplifier and Gain parameter of the preamplifier) and
a generator voltage value (Amplitude parameter);

- If you adjust a MAG signal value by means of changing a gain factor at the fixed
generator voltage, at that a cantilever oscillations amplitude will be retained as
fixed;

- Otherwise, if you adjust a MAG signal value by means of changing a voltage
generator at the fixed gain factor, at that a cantilever oscillations amplitude will be
changed (linearly with Amplitude parameter change.)

4.1.5 Approaching a Sample to the Probe

1. Shift to Approach window under Approach bookmark in the operations sting (Fig. 4-18);

[ata S i | UL Rezonance I A h Scan Il"'r Curves Litho tﬂ Stage
gy o oot | o | 1V s | B e | o i
las*

| Stnpl - Landingl Backward | One Stepl diFasthwing 0.35 mm | Wap= 0.0 um

I*_}—: &uto SetPoint || Forward e One Stepl “*Fasthu:uving 0.35 mm ﬁ Settingsl
= EH @ & |1§i&)\ ‘E",I‘ IDefauIt 'I quﬁ

+]—Signal Point Period (21 Pausa (ms)  jColor
1 =] {ululu} 9,00 =200

Fig. 4-18

2. Check condition of the option for Set point parameter automatic setting. Auto SetPoint button
is to be in the turned on state as shown in Fig. 4-19;

97



SPM Solver PRO Instruction Manual
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Fig. 4-19 Fig. 4-20

3. Launch a procedure of approaching by means of pressing Landing button.

98

As a result;

Value of Set point parameter would be automatically set equal to ¥ from the MAG signal
value;

Feedback would be turned on, and a Z-piezo-scanner would extend to the maximum value.
A Z-scanner extension would be displayed in the scanner extension analog indicator located
in the bottom left corner of the program main window (Fig. 4-20) Degree of the scanner
extension is characterized with a length of the colored strip;

Step motor would be turned on which begins to move a scanner with the sample in the
direction of the probe.

. In the process of approaching, monitor changes of MAG signal in the oscilloscope’s screen as

well as a state of the scanner extension indicator and wait for ending the process of approaching.

After a while, if tuning approaching parameters was correct, a procedure of approaching would
be completed and there would happen the following:

MAG signal would reduce down to the value of Set point parameter, feedback would keep
a Z-scanner in the position where MAG signal is equal to SetPoint, moreover that position
of the scanner would correspond to around a half of the scanner extension range;

Length of the indicator colored strip would be reduced and would be in some intermediate
position (Fig. 4-21);

Step motor would stop;

MAG(t) dependence in the programmed oscilloscope would display reducing MAG signal
down to the value of Set point parameter (Fig. 4-22);

A window with an OK message would appear in the oscilloscope’s window background
(Fig. 4-22).
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Fig. 4-22

Further, you need to press OK button and shift to execution of the next item (4.1.6 Setting
Feedback Gain Factor Operational Level).

@\ Note: Special cases

- It might be happened that after reducing MAG signal down to the value of Set point
parameter, a sufficient increase of a MAG signal variable component is observed in
the MAG(t) dependence. That means that a “generation” exists in the feedback
system due to an excessively high gain factor (FB Gain parameter.)

- In this case, you need to reduce a value of FB Gain to 0.5 — 0.7 from the threshold.
Adjusting FB Gain parameter is considered below, in Setting Feedback Gain Factor
Operational Level point.
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4.1.6 Setting Feedback Gain Factor Operational Level

The more a value of the gain factor (FB Gain parameter) the more a feedback processing rate.
However, with an enough high gain factor value (call it as a threshold), a mode of operation of the
servosystem becomes instable and a “generation” begins. That becomes apparent as appearance of a

sufficient variable component in the MAG signal.

To achieve a stable operation, we recommend to set a level of the gain factor at most 0.6 - 0.7 from
the threshold level where the “generation” begins. Gain factor adjustment is performed by means of

a FB Gain parameter value.

Procedure of Setting Feedback Gain Factor Operational Level

100

Open a slider of FB Gain parameter by means of double clicking in the entry field for the
tuning parameters of the
instrument (Fig. 4-24) By means of increasing FB Gain, monitor a level of MAG signal in

given parameter located in the panel for control of major

the programmed oscilloscope.
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Fig. 4-24
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curnana MAG (Fig. 4-25).

Determine a FB Gain factor value where generation begins. Beginning generation is
nent (Fig. 4-25).

registered as a sharp increase of the MAG signal variable compo

Fig. 4-25

Reducing FB Gain parameter, set as an operational value a value equal to 0.6 — 0.7 from the

FB Gain factor value where the MAG signal generation begins.

Note: Sometimes, after approaching the probe it is appeared an instable mode of
operation of the feedback system such as ““generation” which is not possible to eliminate
instability is connected with
a “*sealing™ effect. The given type of instability is possible to eliminate by means of

by means of reducing the FB Gain factor value. That type of
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increasing cantilever oscillations amplitude. To that end, you need to turn of the
feedback, increase cantilever oscillations amplitude (Amplitude parameter value) and a
value of Set point parameter approximately by 30%, and then turn on the feedback again

4.1.7 Setting Scanning Parameters

Shift to SCAN window under SCAN bookmark in the operations string (Fig. 4-26).

E Data .Arrnrng SL! Resonance | 3 Approach ]z L Curves | g Litho |
] F‘ass

| Maode | Semiconlact Tepogiapky Dret:t-anl
> Hun 1 : —’ a Il Pazz

Scan Rate '“‘I,E Hz Sublact | |
& E_l..luliu|| scanSie |fi0077 xfiooz [um jEﬂ ﬁﬁatﬁngs

Fig. 4-26

An upper part of SCAN window has a panel for scanning parameters control which consists of
three strings. Under them, a univariate data display field is located where row-by-row a measured
signal would be displayed when scanning. Below, a window is located where a scanned image
would be displayed.

4.1.7.1 Setting Operational SPM Mode

As an operational SPM mode by default, a SemiContact mode is automatically set - Semicontact
topography (name of the operational mode is displayed in Mode select box, Fig. 4-27), located in
the first row of the SCAN window control panel.

I ode I'Sen'i'-:nhlact T opoaraphy _:j

Mode ISemicnntact Topography [:}j 3 Direction [* Run IS ernicaritar
Scal

efrpcantac r_l'_r"ll: l_'ll_’ll'.h ir'

Run _ 2 NPhasze Corfrast
- _scanfate [+][16 Hz Sublact _ None |-} . Magnotkc Foics
(¥ Cyclic | g |Elecirostatic Force
C Cyelic ‘ scanSize |~[10037 %[i0037 [um 2] [H~| —{Capaciancs Contast
Fig. 4-27 Fig. 4-28

& Note:

- If necessary, you may set any SPM mode compatible with keeping from the side of
the feedback system a SemiContact oscillations amplitude of the probe sensor, for
example, a phase contrast displaying mode - Phase Contrast.

- To select a mode, you need to double click in the field for selecting SPM modes
(Fig. 4-27) and select the required operational mode in the get opened menu
(Fig. 4-28) Correspondingly, the instrument automatically would perform all the
relevant commutations required for implementation of the chosen mode.
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4.1.7.2 Setting Scan Size, Point Number, Step Size

Scan Size, Point Number (number of points along X and Y axes), Step Size parameters may be
changed using a selection parameter button where a selected parameter is displayed (Fig. 4-29) and
entry fields where a current value of the set parameters is displayed. In the given example
(Fig. 4-29, Fig. 4-30), Scan Size parameter is selected and the 10.037x10.37 nanometers image size
is set.

c E_l.aclic” Scanseep 10037 Xfrooaz [um ﬂgj

Fig. 4-29 Fig. 4-30
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1000

Etej:u 5|29

To set a required parameter, you need to press a selection parameter button and select a
corresponding parameter in the get opened menu (Fig. 4-30). To change values of the parameter,
you nee to double click in the corresponding entry field and using a get opened slider set the
required value. A value of the parameter might be also changed directly in the entry field by means
of editing the required digits from the keyboard.

Setting Scan Size

By default, automatically a maximum value of Scan Size parameter is set. Correspondingly, in case
of 10-microns scanner - 10x10 microns?, as shown in Fig. 4-29, Fig. 4-30 in case of 50-microns
scanner — 50x50 microns?; for three microns scanner — 3x3 microns?.)

A different from the maximum scanning area size is set using a corresponding parameter selection
button and an entry field as that stated above (see p.4.7.2.)

& Note .In regard to selection of a scanning area initial size:

What should be setting of the scanning area initial size? Answer to that question
depends on properties of the sample as well as goals and tasks which you need to
resolve:

- If some preliminary information is available about properties of the sample, and
some confidence is present that the altitude difference of the expected relief do not
go beyond the limits of the z-range scanner, you may set a maximum scanning field
as shown in Fig. 4-26, Fig. 4-27

- In case if properties of the sample are entirely not known, we recommend to begin
scanning with an area which has a small size, for example, 0.5+1 microns.
According to results of scanning a small area, you may match and set optimal values
of such parameters as scanning rate, Set point, FB gain. Then, you may increase the
scanning area.
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Setting Point Number (Number of Points along X and Y Axes)

By default, Point Number parameter (number of points along X and Y axes) is automatically set
equal to 256X256.

If necessary, that value as well as the scanning area might be changed. A value of the parameter is
measured using a corresponding parameter selection button and an entry field as that was stated
above.

Step Size

When the Scan Size and Point Number are already set, a Scan Size is being set automatically in
accordance with the specified Scan Size and Point Number parameters.

When changing Step Size parameter in accordance with those changes, a value of Scan Size
parameter is automatically changed, but a value of Point Number would be the same.

4.1.7.3 Setting Scanning Parameters: Scanning Rate

We recommend to set a frequency of strings scanning (Scan Rate parameter) in the 0.5-2 Hz range.
Specifically in that range the scanning rate is being set automatically when a program is launched
and simultaneously performed at that operation of loading standard parameters.

If necessary, you may change the scanning frequency (scanning rate) using a button for selection a
scanning parameter and an entry field located next to it.

@\ Note: How can you change the scanning rate?

- You may change the scanning rate by means of changing any of four time
parameters: Scan Rate — frequency of strings scanning, Velocity — frequency of
string scanning, Scan time — time of scanning entire scanning area, and Time/point
— time which falls at a measurement in the every point of the scanning area;

- A time parameter selection button is located in the third string of the SCAN control
panel, (Fig. 4-31), correspondingly, it displays the selected parameter (as shown in
an example in Fig. 4-31 — Scan Rate). To set the necessary parameter, you need to
press the given button and select the required parameter in the get opened menu

(Fig. 4-32)

ScanBate =[[1.6 Hz
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B # Scan Rate
(3 Cyclic Scan Size |"Ili],[l.':!? x]h 0,037 |um jg:!

Welocity
Fig. 4-31 Fig. 4-32

- Next to the button, a window is located which displays a current value of the
specified parameter. If double mouse-click this entry field, a slider would be opened
using which you may change a value of the selected parameter. A value of the
parameter may be also changed directly in the entry field be means of editing the
required digits from the keypad
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4.1.8 Scanning

As an example, let us examine a process of scanning the sample of a square lattice type (TGZ-1
standard lattice, step — 3 microns, steps height — 19 nanometers.)

4.1.8.1 Scanning Launch

1. To launch scanning, you need to press RUN button located in the SCAN window panel to the
left in the top (Fig. 4-33);

Mmlﬁemicunta:thmaﬂw j a[_lireu:tiqn
R
P s ScanBate |=||1.6 Hz Subtract MNane b
[

3 Cyclic ScanSize |00 xfpoozr [um =[5+

Fig. 4-33

After pressing RUN button:

- The probe would begin row-by-row scanning of the surface of the sample and an image
window would begin to display an image of the being scanned surface in a string-by-
string manner (Fig. 4-34), in our case — square lattice image.
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o
—
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- Avunivariate data display field would display in turn a relief of each of the being scanned
line (Fig. 4-35).

N e e T T T e e T [ T

Fig. 4-35

- Some buttons would disappear from SCAN panel and a number of new buttons would
appear (Fig. 4-36): Pause, Restart, and Stop.

Il Paze—
Mode I Semicontact Topography J [t | TEE
H Sto
P Scan Rate | I Hz Subtract Mare | |

(7 Cyclic || 1l Pause | ¥ Hestartl ﬁ Settings

Fig. 4-36

2. If for any reason it is necessary to cancel scanning, it is enough to press Stop button or to
make use of Esc button in the keyboard.

4.1.8.2 Changing Parameters When Scanning
Inclination subtraction

In the above shown example (Fig. 4-34, Fig. 4-35) it is seen that a sample has some inclination
along the X axis.

That inclination might be subtracted in the process of scanning by means of use Subtract button.
By default, it is in None state (Fig. 4-36, Fig. 4-37).

Mode |5‘."f:’!!':"3l';!-5:'.’ Top e S j = [Trechan | Hmﬂa | ricordact Toooar ;]

Scar Fate |v|2,lj Hz Subtiact Mare H Scan Rate HED Hz Sublract Flane [i

1l Pause | i 7 Hestaltl Il Pause | ® Hﬂtartl

Fig. 4-37 Fig. 4-38

If to press that button and set it in Plane position, then there would be made subtraction of the
middle plane from the entire scanned area, and the image which before that procedure had a view
like in Fig. 4-34, would have a view something like in Fig. 4-39
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Fig. 4-39

Correspondingly, a univariable data display field would also display a profile of the current string
with taking into account subtraction of the inclination. Instead of the profile in Fig. 4-35 there
would be displayed a profile something like in Fig. 4-40.

Fig. 4-40

Subtract button may have another two states: 1st-order and 2nd-order. Correspondingly, in the
first case, each of the strings receive subtraction of the middle curve of the first order (inclination
subtraction), and in the second case - a curve of the second order. As an example, Fig. 4-41
illustrates a result of subtraction of 2nd-order of the profile for the same string as shown in
Fig. 4-35 (without subtraction) and in Fig. 4-40 (plane subtraction.)

Fig. 4-41
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4.1.8.3 Adjusting Parameters When Scanning

Quality of the acquired surface image sufficiently depends on such parameters as Velocity scanning
rate (Scan Rate scanning frequency), Set Point operational point value, FB Gain feedback gain
factor. You may change any of those parameters in the process of scanning.

Especially for the purpose of tuning scanning parameters a Pause button is envisioned. When that
button is turned on, sweeping along the slow axis is stopped, but scanning along the fast axis is
continued and passed along the same line. That mode of operation may be used for matching
optimum parameters. At that, it is possible to visually observe how a profile of the scanned line is
changed with changing the corresponding parameter, for example, the scanning rate (either Set Pint
value or FB Gain feedback gain factor.)

A special Restart button is available for repeated scanning launch.
4.1.8.4 Some Recommendations in Regard to Scanning Parameters Optimization

Selection of an optimum value of the scanning rate depends on properties of the surface of the being
examined object, scanning area size, and external conditions.

A surface with flat relief may be scanned with a higher rate than a surface with a more sharp relief
and a sufficient altitude difference.

You need to reduce the scanning rate when a slope of the projection or cavity is not registered in the
direction of scanning.

When operating with soft materials, the being scanned image may have “ties” in the direction of
scanning in the projections of the surface. In this case we recommend to reduce the scanning rate as
well as to increase a value of Set Point with the goal to reduce a value of influence onto the sample.

4.1.9 Saving Acquired Data
To write the acquired data in the hard disk you need to:

1. Press File button (right button in the upper string of the program window, Fig. 4-42).

Fie View Sets Hep  SemiCortact |v| TS¥ 8| [FEGan0es  Mao ~ | 1458 |
Data BT Approach H% Scan

Fig. 4-42

E Curves

2. Press Save in the get opened menu and make writing in the form of a file with an arbitrary
name under *.MDT extension.

& After completing scanning the sample surface, acquired data are stored in the RAM.
Each of the scanned surface images have a separate frame corresponded to it.
Numeration of frames corresponds to a turn of their acquisition. If a procedure of saving
is not made, then data would be lost with exiting from the program.
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4.1.10 Operation complition
To complete the operation, perform the following actions:

1. Move away the sample from the probe in the distance of about 2-3 mm.
To that end, you need to make the following:

Shift to Approach window under Approach bookmark in the operations string (Fig. 4-43)

| Aiming | ?J! Resonance I sy Approsch | § Sean | 1V Curves
||||||| [\W ||
p Landingl Backward | One Stepl ﬂiFasthDvinglﬂ,EE mrn || Wap= 00

Fig. 4-43

Double click in the Moving parameter entry field for Backward (Fig. 4-44)

Backward -] One Stepl leasthoving 0,35[}mm

Forward | One Stepl “’Fa&thwing 0,35 mm

Fig. 4-44

Using a slider, set a value equal to 2-3 mm (Fig. 4-45)

- Landingl Backward | One Stepl ﬂiFasthnving 200 mm || Wap= 0.0 Ium 'I
200
| | | | | | | | | | | | | | |
0 05 1 15 3 25 3 35 4 45 5 55 6 65 7

Fig. 4-45

Press Fast button for Backward (Fig. 4-46)

Backward -] One Stepl - FaEtJ Moving [2.00  mm

Forward |+ One Stepl “'-FasthDvingll:l,SE i

Fig. 4-46

2. Turn off feedback by means of switching off (settings in the released position) FB button

(Fig. 4-47)
Help  SemiCortact |v] fﬁ_}gﬂ [FBGain083  Mao

Fig. 4-47
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4.2 SemiContact Error Mode

4.2.1 A brief description of SemiContact Error Mode

A current value of cantilever oscillations amplitude deviates depending on the sample surface
topography during the scanning in SemiContact Mode. The tracking system aims at maintaining a
certain set level of cantilever oscillations amplitude (Set Point), or the level of amplitude related
signal (MAG signal in this case). The tracking system cannot immediately return the current MAG
value to the operating level, as it possesses a kind of inertia (characterized by the feedback loop
time constant).

The current value of MAG signal (cantilever oscillations amplitude related signal) is the signal of
Error of the feedback loop system during scanning and contains the additional surface topography
data. This signal can be used to perform a more precise topography imaging. A mode, involving the
simultaneous SemiContact Mode surface topography imaging and the measurement of Error signal
(MAG signal in this case) is called the SemiContact Error Mode. The SemiContact Error
Mode, similar to the Contact Error Mode, can be considered to be the intermediate between the
Constant Force and Constant Height modes on condition the speed of the error signal (the
feedback loop gain in this case) effect is adjusted so that the feedback loop manages to follow the
gradual modifications of topography, skipping the rapid ones. Then, with the tip moving over the
minor irregularities of the sample surface the scanning is performed preserving the length of piezo-
scanner almost constant. This will result in a weaker manifestation of gradual topography
modifications on the scanned image, whereas the rapid topography modifications will be manifested
with high contrast. This may prove useful in finding smaller irregularities on the background of the
greater ones and relatively smooth topography peculiarities.

4.2.2 SemiContact Error Mode preparatory procedures and operation

1. The preliminary operations include the accomplishment of preparations and the measurement of
surface topography using SemiContact Mode:
- A SemiContact configuration is selected;
- The cantilever’s operating frequency is set;
- The initial level of MAG signal is set;
- The landing procedure is performed;
- The feedback loop gain operating level is set;
- The “Semicontact topography” measuring mode is selected,;
- The parameters of scanning (scan size, number of points, velocity) are selected and set.

2. Additionally it is necessary to activate the measurement of MAG signal at the input of the
second measuring channel.

To do this, perform the following:

- Open the measuring channels panel (Fig. 4-48) using “Setting” button on the scanning
control panel;
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Aiming :‘J! Fesonance al Approach I% Scan ﬂ Curves g Litha ‘@ FL taver % Therma 150°T
IPass— | rywmm
Mode ISemicontactTopography j g Direction | I Passl Scan Setup _ -
Scan Rate |v||1,8 Hz Subtract Mone |V| E ey | Scannlng | =] Litha |
Pass #1
| ScanSize |+[003a x[inozs [um =] [E+] | | % setings N Forward Backward  Gain
SELin;“Height j glNone j
I I I I glNone j glNone j 1 |V|
Fig. 4-48

- Click the mouse button on the “signal input field” of the second channel (Fig. 4-49);

Scan Setup
E Common I% Scanning % Litho
Pass #1
Fonward Backward Gain Filter
=4 [ =4 [ 30 kHz| |
glNone bj alNone j 1 |V|
Fig. 4-49

Fomnward Backward
: ngeight j glNone j
ﬁ==’ Mone j g I Maone j
Maone -
Height —
—— kdag*Sint]
""" RS F
Phasze
Eatl
Ext2 hd
Fig. 4-50

- Select MAG in the “signals menu” that drops down (Fig. 4-50).

3. During the sample scanning two images should be present in “SPM images field”
(Fig. 4-51): MAG signal image on the left and the topography image (obtained using

SemiContact Mode) on the right.

4.2.3 Examples of SemiContact Error Mode application

Below (Fig. 4-51) is the exemplary image of

MAG signal (Error signal) and the image of

topography (SemiContact Mode), obtained simultaneously during scanning of one and the same
area of sample surface (a standard rectangular TGZ-1 grid, the increment of 3 mcm with the step

height of 19 nm).
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4.3 Phase Contrast Mode

4.3.1 Measurement preparation
Prior to performing the phase contrast measurement do the following:

1. Select the type of scanning (“by sample”, “by tip”, or “double”) and “SemiContact”
configuration in program menu:

Help SemiCaontact I:

& SemiContack
Tunnel Current
Zuskormn

Fig. 4-52

Perform the resonance frequency scanning, set the value of “Set Point” parameter (according
to “semi-contact” mode description ) and activate the feedback loop.

W e & @ I &

205 F 285 a0 205 an £ F a2 225 03 %35
Fraguancy, kiE

Fig. 4-53
Mag v | 1089 || SetPoint 5878 2 SemiContact || |{’:} FE
Fig. 4-54 Fig. 4-55

2. Perform the landing procedure. To do this, go to “Approach” bookmark and press “Landing”

button.
. [nata I R Approach | % Szan
| Stup” r““ Landing || Backward -] Ore Stepl iiFasthDving 035 mm

Hl Auto SetPoint | Forward | One Stepl “-Fasthwing 0,25 mm

Fig. 4-56

3. Perform the sample surface preview scanning.
4. Select a sample area, suitable for scanning.
5. Perform the scanning of the selected sample surface area.
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Mode selection and parameters setup

Select “Phase Contrast” mode in “Mode” menu.

Il Pazs—
Mode |t Wl =, E Direction
rh Run Il Pasz
Sean time | ” min Subtract Maone | |

o Cyclic Fuoint Mumber |v|255 KIEEE EE:' ﬁ Settings

Fig. 4-57. A view of scanning parameters setup panel once “Phase Contrast” mode is selected

The program sets up the signals, necessary for the measurement automatically.

Generator initial phase setup

1. Activate ﬁ additional window in the right upper corner of the display.

2. Select “Phase” signal in the oscillograph window.

Dscillograph ‘ Scheme

Ho g|He =

] = Signal Fu:unts
1 Hv-T J 1000
Ma -

Mag*=init)
R

200(Ext1
Ext2 i
Ext3 :
100 azer bl el

Fig. 4-58

“Phase” signal alternates in the range of 0 - 180 degrees, depending on the generator initial
phase, which alternates in the range of 0 — 360 degrees.

3. Go to “Resonance” bookmark and modifying “Phase” parameter (Fig. 4-59) (generator
initial phase), set the value of the measured phase in oscillograph in the middle of its range
approximately (Fig. 4-60). The value cannot be set near the range limits, i.e. near 0 or 180
degrees, for in this case all possible modifications of the measured phase would be of the
same sign.

IV Curves é Litho

Data . Aiming
% Thermo 300°C | '@ acros

Option;
IFlom 258971 kHz [V Avuto peak find
To 263971 kHz

% Scan ‘@ RL Mover

S, Themma 150°C ‘

i Approach

ry

JkHz '|1,D e

Generator
Frequency |281,DET kHz

Amplitude  |0,90 X 1 =
Average |5

Generator output IProbe l Phase |1 png  ©

120,09
1 | | | | 1 | 1 1 1 1 | 1 1 1 1 | 1 |
0 20 40 60 30 100 1 14 160 180 200 220 240 260 280 300 320 3 360
Fay

Lock-lr
|VLDWF'ass Gain  Harm

Input: DFL~> X 1 +
- P e—

Fig. 4-59
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Fig. 4-60

4.3.2 Scanning
Select “Scan” bookmark and press “Run” button.

Two windows would appear on the display, one of them reflecting the topography (“Height”
signal), whereas the other reflecting the phase distribution (“Phase” signal).

Fig. 4-61. The topography and phase images (lamellar structure) of spherulite

The topography and phase images (lamellar structure) of spherulite are exemplary.
4.3.3 Ways of image improvement

If the image quality is unsatisfactory, you can do any of the following:
- Replace the probe (with another of different rigidity and resonance frequency);
- Change the feedback loop ratio in “FB” parameter (Fig. 4-54);
- Change the generator initial phase in “Phase” parameter (Fig. 4-59);
- Change “Set Point” parameter (the force of the tip, pressing to the sample).
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5 Many-Pass techniques

5.1 Scanning Capacitance Microscopy (SCM)

The following operations should be accomplished prior to SCM measurements:

Select the type of scanning (“by sample”, “by tip” or “double”) and “SemiContact”
configuration in program menu

Perform the landing procedure;

Perform a sample surface preview scanning;

Select a sample surface area, suitable for measurement;
Perform the scanning of selected sample surface area.

See the detailed description of the above listed operations in i. 4.1.1.-4.1.8 Chapter 4 “SemiContact
Atomic-Force Microscopy”.

-l

[0 G 1 2 = U [ o = = [aod ¥ [iglien
Flom | BB assy U0 cames o apusi |__E-.- Voum | #Biva i | % bena | S Taenr | @ o

Eoaa

.....

w3 Zalmm

Fig. 5-1. Sample area scanned image

Performing the measurements in automatic setup mode comprises the following procedures:

Mode selection;
Second pass frequency adjustment;
Scanning.

Each procedure is described below.
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5.1.1 Mode selection

Select “Capacitance Contrast” in “Mode” menu (Fig. 5-2).

Ra C:\TEST\Nova\NoName2.mdt | Solver 1.0.26.274

Ele View Setings Took Help  SemiContsct |+| [F2F F8 [FEGan1 500  Mao

BRE A
I e
Data Airnifig ‘" Resonancs |y Approach ‘ § Scan Il-f Curves
Il Pazs———

Mode [Sem - fection | |
ode Sem.lcontact Topography J 5 Direction Il Pass
r\“ Run Semicontact Topography

504 Phase Cartrast Gt MNane |'|

Az Magnetic Force

c Cyelic | pDilectmstatic Force _ IFE:l ﬁ Settings

iCapacitance Contrast
K.elvin Probe

1000

Axis Y
o
[ =]
[}

0 50 100 150 200 250 300 350

Fig. 5-2. “Capacitance Contrast” Mode selection

Scanning parameters setup control panel should look like this:

[l Page——
ra fun tode IEaDacitance Contrazt j a Drirection | m ”l‘l Il = Il
Sian time |V||4,4 min Subtract MNaone |V| II:IZ 100 o

G I:_I.Jclicl Faint Mumber |"|258 XIEEE EE:' % Settings

Fig. 5-3. View of scanning parameters setup control panel
after “Capacitance Contrast” mode is selected

Note that “I1 Pass” option is activated.

5.1.2 Frequency-phase adjustment of cantilever oscillations for the
second pass

Go to “Resonance” window to set up the second pass configuration. Frequency parameters setup
panel should look like this:

phion ererator ock-lr
Opti G Lock-l
» Run IF'“'“155'8D2 kHz ¥ Auta peak find Frequency |‘|52,|:|85 kHz Low Pazz Gain  Harm
| 200 |50 2 3

| To 164802 KHe Amplitude 0,20 =

Generator output IEiagv vl SR |5 Fhaze IEI,EID i Amp GainIH‘ID vl
Responze signal IMaEI .l Paint N I'IUUU Band |>55kHz VI

Fig. 5-4. View of frequency parameters setup panel on “Resonance” window

Bias voltage variable component (Bias V) is applied to the Generator Output. The amplitude of
cantilever oscillations (Mag) is set as the Response signal. The option of resonance peak automatic
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search “Auto peak find” is selected. The second harmonic (Harm = 2) is selected in synchronous
detector (Lock-in) settings. Thus, the frequency parameters setup panel is configured to search for
the resonance peak, which corresponds to the second harmonic of the cantilever oscillations
amplitude-frequency parameter, depending on the alternating voltage applied to it. The frequency of
the second harmonic comprises a half of the resonance frequency of cantilever’s own oscillations,
set up during “ASM” Mode configuration. Therefore, to set up the required interval, it is necessary
to modify the frequency limits of scanning (From, To) as it is shown on Fig. 5-5:

E(:\TEI’\HIWB\W.EZ.IIIII:I Solver 1.0.26.274

g o Laser F'assII:
=2 1|l | | | | | | | | | | | | | | | | | |

w 55 70 a0 90 100 110 120 130 140 150 160 170 180 190 200 210 220 @ Macros

=
—LIpior: —@Eeneraton LOCEAR
> Run Ime Seser L v Auto peak find Frequency |81,021 kHz Low Pass Gain Haml
I To 225933 kHz smpliude [0,20 |2,DD |5,D |2 -

Generator output  |Bias W vl AR |5 Phase ID,DD o Amp Gain I:ﬂD vl
Rezponze signal  |Mag | e I1DDD Band |>55kH2 'l

Fig. 5-5. Modifying the frequency intervals of scanning

To do this, double-click in the fields “From” and “To” with the cursor and modify the limits to the
required range, using the slider.

Once the frequency limits of scanning are set, press Run button. If all the settings are adjusted
correctly or if the cantilever and the sample form a system of “capacitor” type, a resonance curve is
obtained, which should look like the one presented on Fig. 5-6:

EC:\TEI’\Nova\Ilnllamelmdt | Solver 1.0.26.274 - Dlﬂ
Fle View Seftings Tooks Heb  SemiContact |=| 57 re| [FeGan1500)  Mag  ~ [ 18411 [[SetPoinie0z 3 BissV ~ om0 v [ Laser J EE|
Data Aiming I?J! Resonance Wy Approach é Scan ﬂ Curves g Litha ‘@ RL Mover % Thermo 150°C | ‘@ Macros
Optian: Generator Lack-r
P Run IF'""‘ DB547  kHz W Auto pesk find Frequency |s1,uz1 kHz Low Pass Gan  Ham
[To 2598 ke ampitude [0.20 T e
Generator output IBiasV - e | Phase 0,00 a Amp Gain |«10 -
Fiesponse signal IMag || PontH 1000 Band »95kHz ¥

Hae o &@ | &K

Ampliude (Mag) | nd

785 79 795 80 80,5 81 81,5 82 825 83 835
Frequency, kHz

| Z=0rm I

Fig. 5-6. Mag(BiasV) resonance curve

To obtain better results, the physical amplitude of cantilever oscillations should be decreased by
decreasing the amplitude of alternating voltage, as shown on Fig. 5-7 (Generator, Amplitude
settings panel).
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Fig. 5-7. Decreasing the alternating voltage amplitude.

This done, repeat the resonance peak search procedure. The recommended value of cantilever
oscillations amplitude at the resonance frequency is 1...5 V. Gain value and Amp Gain
amplification factor value (Lock-in panel) can be modified to adjust the amplitude.

5.1.3 Scanning

Once the frequency-phase adjustment of cantilever oscillations is completed, go back to “Scan”

window and start the scanning process = ™" |.

Two windows should be displayed in data visualization field, representing the height (Height) and
the amplitude of cantilever oscillations in the second passage (Mag) respectively:
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Fig. 5-8. Surface topography (left) and capacitance distribution (right)
on the siliceous substrate with alloyed stripes

If all the settings are adjusted correctly, the image of cantilever oscillations amplitude distribution
in the second passage should reveal contrasting areas with different capacitance characteristics. In
the case, presented above (Fig. 5-8) the stripes are clearly visible, which differ from the substrate in
conductivity.
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5.1.4 Ways of improving the image quality

A user can improve the quality of magnetic field surface distribution image by modifying the
following parameters:

dz the height of probe rising (sample lowering) during second pass scanning. The
greater is dZ, the lesser is the influence of surface topography on the second pass
measurement results. Yet, the Mode sensitivity decreases as the height increases.

Amplitude output generator oscillations amplitude. Decreasing the generator and cantilever
oscillations amplitude results in Mode resolution increase, but degrades signal to
noise ratio.

Bias V changing the polarity and the value of bias voltage it is possible to identify the

areas with different types of conductivity, modifying their contrast.

5.2 Magnetic Force Microscopy (MFM)
The following operations should be accomplished prior to MFM measurements:
- Select the type of scanning (“by sample”, “by tip” or “double”) and *“SemiContact”
configuration in program menu;
- Perform the landing procedure;
- Perform a sample surface preview scanning;
- Select a sample surface area, suitable for measurement;
- Perform the scanning of selected sample surface area.

See the detailed description of the above listed operations in items 4.1.1 - 4.1.8 Chapter 4
“SemiContact Atomic-Force Microscopy” on p. 91.
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Fig. 5-9. Sample area scanned image

Performing the measurements in automatic setup mode comprises the following procedures:
- Mode selection;
- Frequency-phase adjustment of cantilever oscillations for the second pass;
- Scanning.

Each procedure is described below.

5.2.1 Mode selection

Select “AC Magnetic Force” in “Mode” menu of “Scan” window. The function of scanning
parameters setup in the second pass is activated automatically:

M Pasy————
_am III Pasz ﬂil El

Scan time |v| 4.4 min Subkract Mane | Tz 100
G Cyclic Foint Mumber || 255 HIEEE IFE: ﬁ Settings

Fig. 5-10. View of scanning parameters setup control panel
after MFM Mode is selected

Mode |Z¥ agnetic Farce

" Run

mm

The electric circuit is swapped automatically when using semi-automatic setup mode.
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5.2.2 Frequency-phase adjustment of cantilever oscillations for the
second pass

Keeping “I1 Pass” button pressed, go to “Resonance” window to set up the parameters of scanning
for the second pass.

Il Faz

[| Pass ﬁ Il=1

d< 100 ki

Fig. 5-11

“I1 Pass” button can be pressed either on *“Scanning” window or in Paz Iy menu of Main SPM
Parameters setup line.

Go to “Resonance” window and perform the amplitude-phase adjustment of cantilever for scanning
in the second pass, as described in the manual.

162 1423 1624 M2E MZE M3 1632 134 M3 1453 (40 M2 M4 144F 1ME 145 H52 M4Ed 1656 MSE 1B 14EZ  1B4 TEE  MERE M7 1672 74
Frequency, £H1

Fig. 5-12

Do not forget to switch off “Auto Peak Find” option when adjusting the phase.
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Setting up cantilever oscillation parameters, it is recommended to use moderate values of generator

amplitude (Amplitude = 0.1-0.5 x 0,1):

Generator
Frequemncy

Amplitude
Phaze

|144,589 kHz
016 Wx 01~

|33,34 o

Fig. 5-14

5.2.3 Scanning

Once the frequency-phase adjustment of cantilever oscillations is completed, go back to “Scan”

window and start the scanning process -

Two windows should be displayed in data visualization field, representing the height (Height) and

the phase (Phase) respectively:
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Fig. 5-15. Surface topography (left) and magnetic domains distribution (right)
on the surface of magnetic disc

If all the settings are adjusted correctly, the image of phase contrast in the second pass should reveal
the distribution of magnetic domains (Fig. 5-15).

5.2.4 Ways of improving the image quality

A user can improve the quality of the image of distribution of magnetic field on the surface by
modifying the following parameters:

dz the height of probe rising (sample lowering) during second pass scanning. The
greater is dZ the lesser is the influence of surface topography on the second pass
measurement results. Yet, the Mode sensitivity decreases as the height increases.

Amplitude output generator oscillations amplitude. Decreasing the generator and cantilever
oscillations amplitude results in Mode resolution increase, but degrades signal to
noise ratio.
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5.3 Electric Force Microscopy (EFM)
The following operations should be accomplished prior to EFM measurements:
- Select the type of scanning (“by sample”, “by tip” or *“double”) and *“SemiContact”
configuration in program menu;
- Perform the landing procedure;
- Perform a sample surface preview scanning;
- Select a sample surface area, suitable for measurement;
- Perform the scanning of selected sample surface area.

See the detailed description of the above listed operations in i. 4.1.1 - 4.1.8. Chapter 4
“SemiContact Atomic-Force Microscopy” on p. 91.

Fig. 5-16. Sample area scanned image

Performing the measurements in automatic setup mode comprises the following procedures:

- Mode selection;
- Frequency-phase adjustment of cantilever oscillations for the second pass;
- Scanning.

Each procedure is described below.

123



SPM Solver PRO Instruction Manual

5.3.1 Mode selection

Select “Electrostatic force” mode in “Mode” menu (Fig. 5-17).
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Fig. 5-17. “Electrostatic Force” Mode selection

Scanning parameters setup control panel should look like this:

E Drata e Approach H§ Scan
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Fig. 5-18. View of scanning parameters setup control panel after
“Electrostatic Force” Mode is selected

I i Curves

Note that “Il1 Pass” option is activated.

5.3.2 Frequency-phase adjustment of cantilever oscillations for the
second pass

Keeping “I1 Pass” button pressed, go to “Resonance” window to set up the parameters of scanning
for the second pass.

Il Pass—

ipas 2] e

| &z 100 hm

Fig. 5-19
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“Il Pass” button can be pressed either on “Scanning” window or in menu of Main SPM
Parameters setup line.

Go to “Resonance” window and perform the amplitude-phase adjustment of cantilever for scanning
in the second pass, as described in the manual.

Fig. 5-20

Do not forget to switch off “Auto Peak Find” option when adjusting the phase.

Fig. 5-21
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Setting up cantilever oscillation parameters, it is recommended to use moderate values of generator
amplitude (Amplitude = 0.1-0.5 x 0,1):

—Generator
Frequency I‘I44,EE=E| kHz

Ampltude |016 W 01«

Phaze |33,34 o

Fig. 5-22

5.3.3 Scanning
Once the frequency-phase adjustment of cantilever oscillations is completed, go back to “Scan”

window and start the scanning process | [

Two windows should be displayed in data visualization field, representing the height (Height) and
the phase (Phase) respectively:
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Fig. 5-23. Surface topography (left) and surface potential distribution (right)
on the siliceous substrate with alloyed stripes

If all the settings are adjusted correctly, the image cantilever oscillations amplitude distribution in
the second passage should reveal the distribution of electric potential on the sample surface
(Fig. 5-23).
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5.3.4 Ways of improving the image quality

A user can improve the quality of the image of distribution of magnetic field on the surface by
modifying the following parameters:

dz the height of probe rising (sample lowering) during second pass scanning. The
greater is dZ the lesser is the influence of surface topography on the second pass
measurement results. Yet, the Mode sensitivity decreases as the height increases.

Amplitude output generator oscillations amplitude. Decreasing the generator and cantilever
oscillations amplitude results in Mode resolution increase, but degrades signal to
noise ratio.

Bias V changing the polarity and the value of bias voltage it is possible to influence the
way the surface potential is manifested in the second pass.
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