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10

About this Manual
For your convenience, this manual has been divided into three separate parts:

PART A:INTRODUCTION TO THE INSTRUMENT will familiarize you with the Nanosurf NaioSTM
system, and will explain how to set up your system and operate it on a daily basis. Among
other things, it will also describes how to set up basic experiments and how to generally
improve measurement quality. Part A starts with Chapter 1: The NaioSTM (page 15) and
ends with Chapter 6: Finishing measurements (page 59).

PART B: SOFTWARE REFERENCE is a reference for the software that comes with the NaioSTM
system. It starts with Chapter 7: The user interface (page 65) and ends with Chapter 16: Quick
reference (page 433). Its content applies to the Nanosurf Naio control software version 3.7.
If you are using newer software versions, download the latest manual from the Nanosurf
support pages or refer to the “SPM software version history.pdf” file that came with the
newer software. For more information on the Nanosurf Report software, refer to the online
help included with this optional software.

PART C: APPENDICES contains information that you will use less frequently, such as general
maintenance and troubleshooting. It starts with Chapter 16: Maintenance (page 213) and
ends with Chapter 19: Technical data (page 229).
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CHAPTER 1: THE NAIOSTM

1.1: Introduction

The Nanosurf NaioSTM was designed to allow people without training as a physicist to do
experiments in the world of atoms. Its design is compact, simple and comfortable to
operate. With the NaioSTM, it is possible to do all STM experiments that can be carried out
in air. The tip-sample approach stage allows simple handling of samples and tips, while at
the same time providing maximum stability of the tip-sample distance. All functions can
be carried out using a computer and the NaioSTM control software.

The content of the system and the function of its major components are described in this
chapter. Detailed technical specifications and system features can be found in Chapter 19:
Technical data (page 229).

Several other Nanosurf products can be used in conjunction with the NaioSTM:

+ NaioSTM Side View Camera.

« Naio Advanced Modes Option: package that enables Advanced Spectroscopy and
Advanced Lithography modes.

« Nanosurf Report: software for simple automatic evaluation and report generation of
SPM measurements.

« Nanosurf Analysis: software for detailed analysis of SPM measurements.
« The Nanosurf Isostage: a highly compact active vibration isolation table.

1.2: Components of the system

This section describes the parts that may be delivered with an NaioSTM system. The
contents of delivery can vary from system to system, depending on which parts were
ordered. To find out which parts are included in your system, refer to the delivery note
shipped with your system. Verify that the package contains the following components:

© O dnm

Figure 1-1: Components. The NaioSTM system

The NaioSTM system.

Magnifying cover with 10x magnifier.
USB cable.

Mains cable (for power supply).

HwnN =



COMPONENTS OF THE SYSTEM

5. Power supply.

NaioSTM tool set. The items contained in the NaioSTM tool set are described in the
next section.

NaioSTM side view camera (option; not shown).

8. The NaioSTM installation CD (not shown): Contains product software and calibration
files, as well as PDF files of all relevant manuals, application notes and technical notes.

9. A calibration certificate for your system (not shown).
10. This NaioSTM Operating Instructions manual (not shown).

11. Naio Advanced Modes Option certificate of purchase with Activation key printed on it
(option,; not shown; comes with Naio Advanced Mode Option).

12. Instrument case (not shown).

Please keep the original packaging material (at least until the end of the warranty period),
so that it may be used for transport at a later date, if necessary. For information on how to
store, transport, or send in the instrument for repairs, see Section 6.3: Storing the instrument
(page 61).

1.2.1: Contents of the tool set

The content of the tool set depends on the modules and options included in your order. It
may contain any of the following items:

ZR 3 4
A q

1

Figure 1-2: Contents of the tool set

Wire cutters.

Flat Nose Pliers.

Pointed tweezers (00D SA).

Rounded tweezers (2A SA-SL).

STM Sample holder in its container.

Pt/Ir wire (90% Pt/ 10% Ir alloy; 0.25 mm / 30 cm): Used for making STM tips (option).

STM Basic Sample Kit (option) with HOPG (graphite), gold thin film and four spare
sample supports.

8. USB dongle for Nanosurf Report or SPIP software (option).

NoupwN =
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CHAPTER 1: THE NAIOSTM

Use this section to discover the function and location of key parts of the NaioSTM system,
as referred to throughout this manual.

Vibration Scan Head

Isolation
Table \

Sample Holder

Power LED

Vibration

Isolation

Feet Controller Housina

Sample Holder Scan Head Tip STMTip Magnet
\ = Clamp

Power Power Mini-USB Ground Guide Approach
Button Connector Connector Connector Spheres Motor

Figure 1-3: Parts of the system.

Vibration isolation table
Granite table that (through its weight) helps eliminate environmental vibrations that would
otherwise disturb sample measurements.

Vibration isolation feet
Rubber, spring-mounted feet that further isolate the NaioSTM system from mechanically
transmitted vibrations.



CONNECTORS, INDICATORS AND CONTROLS

Controller housing
Black, metallic housing that shields and protects the NaioSTM control electronics mounted
directly underneath the vibration isolation table.

Power LED
Lights up blue when the system is powered on.

Magnifying cover

A partly metallic, partly plexi-glass cover that protects measurements from air flow and (to
a lesser extent) acoustic disturbances, and that contains a 10x magpnifier lens (see Figure 1-
1: Components, item 2).

Scan head
Contains all electronic and mechanical components necessary for scanning.

Sample holder
Metallic cylinder with magnet that holds the sample disc.

Power button
Used to turn the NaioSTM system on or off.

Power connector
Used to connect the power supply.

USB connector
Used to connect the NaioSTM system to a personal computer.

Ground connector
Used to connect the electrical ground of the NaioSTM system to that of other equipment.

Aproach motor
Motorized part of the scan head that brings the sample into tunneling distance of the tip.

Guide spheres
Two metal balls at the bottom inside of the scan head, along which the sample holder slides
during sample approach/retraction.

Tip Clamp
Used to press the STM tip down onto the tip holder (white surface below the tip clamp).
Holds the STM tip securely in place.

STM tip
Cut Pt/Ir wire with sharp tip for high-resolution scanning tunneling measurements.

Magnet
Pulls the sample holder down onto the approach motor for a strong friction contact
between the two, resulting in reliable sample holder movements.

19
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CHAPTER 2: INSTALLING THE NAIOSTM

2.1: Installing the Naio control software

2.1.1: Preparation
Before installation, the following steps need to be performed:

@ Make sure the computer to be used meets the minimal computer requirements, as
described in Chapter 19: Technical data under.

Make sure none of the NaioSTM system’s hardware is connected to the computer (this
includes the optional (USB) NaioSTM Side View ).

Turn on the computer and start Windows.

Log on with Administrator privileges.

Do not run any other programs while installing the NaioSTM software.

2.1.2: Installation

To initiate the installation procedure:

@ Insert the Naio Installation CD into the CD drive of the computer.
In most cases, the Autorun CD Menu program will open automatically. Depending on
your Autoplay settings, however, it is also possible that the Autoplay window opens,
or that nothing happens at all. In these cases:
@ (Click “Run CD_Start.exe” in the Autoplay window, or manually open the Naio
Installation CD and start the program “CD_Start.exe”.

The Naio Installation CD contains calibration information (.hed, .stagex files) specific to
your instrument! Therefore, always store (a backup copy of) the CD delivered with the
instrument in a safe place.

@® Click the “Install Naio software” button.
The CD Menu program now launches the software setup program, which will start
installation of all components required to run the Nanosurf Naio software.
In Windows Vista/7, the User Account Control (UAC) dialog may pop up after clicking
the “Install Naio software” button, displaying the text “An unidentified program wants
access to your computer”. If the name of the program being displayed is “Setup.exe”:



INSTALLING THE HARDWARE

@© (Click the “Allow” button.
After the software setup program has started:

@ Click “Next” in each of the “Welcome”, “Select Destination Folder”, and “Select Start
Menu Folder” windows that sequentially appear, accepting the default choices in all
dialogs.

@ When the “Ready to install” window appears, click on the “Install” button.

The setup program now performs its tasks without any further user interaction.
Depending on the configuration of your computer, a reboot may be required at the
end of the software installation process. If this is the case, the setup program will
inform you of this, and will provide you with the opportunity to do so.

This completes the driver and control software installation procedure. If you wish to use the
Lithography features of the NaioSTM software and want to design your own vector
graphics for import into the lithography module, you can opt to install the LayoutEditor
software by clicking the “Install CAD Program” button in the CD Menu program. This will
launch the LayoutEditor installation program, which will guide you through the CAD
program setup. Likewise, if you wish to use the Gwyddion program for advanced
measurement analysis, you may also opt to install it now. Otherwise, you can exit by
clicking the “Exit” button and continue with Section 2.2: Installing the hardware.

2.2:Installing the hardware
« Make sure your mains power connection is protected against excess voltage surges.

« Place the instrument on a stable support in a location that has a low level of building
vibrations, acoustic noise, electrical fields, and air currents.

« If the vibration isolation of your setup proves to be insufficient for your measurement
purposes, you can use an active vibration isolation table such as the Nanosurf
Isostage. Refer to the respective manuals for installation instructions.

Connect the NaioSTM to the power supply

Connect the NaioSTM to the computer on which the Naio control software was
installed (see Section 2.1: Installing the Naio control software) using the supplied USB
cable (Figure 1-1: Components (page 16), item 3).

A popup balloon appears in the Windows notification area, stating that new hardware
devices have been found and drivers are being installed. This can take quite some time

23
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CHAPTER 2: INSTALLING THE NAIOSTM

Figure 2-1: Measurement setup. Complete NaioSTM system with personal computer.

(20 seconds or more). Please be patient! After successful installation, the popup
balloon indicates that the installation has finished and devices are now ready for use.

© If you own a NaioSTM side view , connect it to a USB port on your computer.
On Windows 7 computers, a popup balloon may display the message “Problem
installing driver”. If this happens, disconnect and reconnect the video camera once
more. Hardware recognition will now complete successfully.
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CHAPTER 3: PREPARING FOR MEASUREMENT

3.1: Introduction

Once the system has been set up (see Chapter 2: Installing the NaioSTM (page 21)), the
instrument and the sample have to be prepared for measurement. The preparation consists
of three steps: Initializing the NaioSTM system, Preparing and installing the STM tip, and
Installing the sample.

3.2: Initializing the NaioSTM system

To initialize the NaioSTM system:

@ Make sure that the NaioSTM system is connected to the mains power and to the USB
port of the control computer.

@ Turnon the power of the NaioSTM system by pressing the power button at the back of
the controller housing.

A blue power LED on the side of the system will light up.

© Start the Naio control software on the control computer.

Now a message “Controller startup in progress” is displayed on the computer screen.
When initialization is completed, a message “Starting system” is briefly displayed on
the computer screen.

3.3: Preparing and installing the STM tip

The STM tip can be prepared and installed by yourself. This is the most difficult part of your
preparations. It usually needs patience and some practise to get the first good tip. Only an
accurately cut tip enables optimal measurements. Therefore, cutting and installing should
be carried out with great care. On delivery, the tip with which the STM was calibrated in the
factory is installed in the head. This tip should give atomic resolution, so you may wish to
try to use this tip before preparing your own.

Before cutting a tip:

@ Clean the cutting part of the wire cutters (Figure 1-2: Contents of the tool set (page 17),
item 1), the Flat nose pliers (item 2) and the pointed tweezers (item 3) with ethanol.

Only touch the Pt/Ir wire (item 6) with these tools.

@ Remove the old tip from the instrument using the pointed tweezers.

If the tip wire is still long enough, you may try to cut the same wire again, otherwise
cut the Pt/Ir wire.



PREPARING AND INSTALLING THE STM TIP

To prepare the tip:
@ Hold the end of the wire firmly with the pliers.

@ Holding the wire with the pliers, move the cutters at a length of approximately 4 mm,
as obliquely as possible (Figure 3-1: Cutting the STM tip).

Pt/Ir wire

~4mn/

pulling
direction

Flat nose
pliers

wire cutter
Figure 3-1: Cutting the STM tip

© Close the cutters until you can feel the wire, but do not cut the wire.

@ Pullin the direction shown in Figure 3-1: Cutting the STM tip. The tip needs to be torn
off rather than cleanly cut through, in order to obtain the required tip sharpness.

Figure 3-2: STM tip. Scanning Electron Microscope images of an STM tip

© Use the pointed tweezers to hold the tip wire with just behind the tip.

@ Release the flat pliers.

27
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CHAPTER 3: PREPARING FOR MEASUREMENT

« Never touch the end of the tip with anything.
» Ensure that the tip wire is straight.

« Do not twist the tip clamp in any way, nor lift it up too high.

To mount a newly prepared tip:

@ Put the tip wire on the tip holder parallel to the groove in the tip holder, so that it
crosses below the tip clamp (Figure 3-3: Mounting the tip under the tip clamp, A).

@® Move the tip wire sideways until it is in the groove in the tip holder (Figure 3-3:
Mounting the tip under the tip clamp, B).

The freshly cut tip should be securely held under the clamp and extend about 2-3 mm
beyond the tip holder.

& &

Figure 3-3: Mounting the tip under the tip clamp

The tip is now installed.

3.4: Installing the sample

3.4.1: Preparing the sample

Never touch the sample surface once it is prepared.

The STM can be used to examine electrically conductive materials. In practice, however, the
choice of material is more limited, because the surface of the sample must be totally clean
and mirror-like to obtain useful results, and it must be in a non-oxidized state to be
conductive. Because of this, some samples need special preparation.



INSTALLING THE SAMPLE

3.4.2: Nanosurf samples

Nanosurf delivers optional samples, which are usually packed in the NaioSTM tool set.
These samples are briefly described here. Further samples are available in the STM
Extended Sample Kit, which contains its own sample description.

All samples should be stored in their respective boxes. This way, it should not be necessary
to clean them. Cleaning of the samples is generally not advisable (unless indicated below),
because their surfaces are often rather delicate.

Gold thin film

Cleaning the sample is neither possible nor necessary. Never touch the sample with your
fingers or put it upside down anywhere; this will only make it unusable faster.

Graphite (HOPG) on sample support

This sample can be used for STM as well as AFM measurements. In STM measurements,
atomic resolution can be obtained on this sample.

Sample specifications:
Size: 5mmx5mm
Material: Highly Oriented Pyrolytic Graphite (HOPG)

Sample support:  Magnetic Steel disc, galvanized with Nickel.

The surface of the graphite sample can be cleaned when it is very dirty or uneven. Due to
the layered structure of graphite this can easily be done using a piece of adhesive tape
(Figure 3-4: Cleaving graphite):

@ Put the sample on the table using a pair of tweezers.

@ Stick a piece of adhesive tape gently to the graphite and then pull it off again.
The topmost layer of the sample should stick to the tape.

© Remove any loose flakes with the tweezers.

The graphite sample is now ready for use and should not be touched anymore.

Other samples

You can mount other samples on the spare disc shaped sample supports (Figure 1-2:
Contents of the tool set (page 17), item 7). The supports are made of a magnetic steel that is
galvanically coated with nickel. Use conducting glue to attach the sample to the sample
support. Contact your Nanosurf distributor if you have difficulties obtaining such a glue.

29
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CHAPTER 3: PREPARING FOR MEASUREMENT

e W=

N

Figure 3-4: Cleaving graphite
To mount a sample onto the sample holder:

@ Unpack the sample holder (Figure 1-2: Contents of the tool set (page 17), item 5) from its
plastic storage vial, touching only its black plastic handle.

Always store the sample holder in its plastic storage vial in order to prevent corrosion
(see Chapter 16: Maintenance (page 213)).

@ Put the prepared sample onto the magnetic end of the sample holder using a pair of
tweezers (Figure 3-5: Putting the sample on the sample holder).

Figure 3-5: Putting the sample on the sample holder

© Lower the front end of the sample holder onto the sample holder guide spheres ( two
metal balls on the bottom inside of the scan head) first. Then gently settle the back end
onto the approach motor support.
Place the sample holder into the scan head carefully so that it does not touch the tip,
and in such a way that the sample is not pulled from the sample holder by the magnet



INSTALLING THE SAMPLE

that pulls the sample holder down onto the approach motor (Figure 3-6: Placing the
Sample Holder in the scan head).

Figure 3-6: Placing the Sample Holder in the scan head
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CHAPTER 4: FIRST MEASUREMENTS

4.1: Introduction

In this chapter, step-by-step instructions are given to operate the microscope and to
perform simple measurements. More detailed explanations of the software and of the
system can be found elsewhere in this manual. If you are not familiar with the Naio control
software, first read Chapter 7: The user interface (page 65) and the chapters directly
thereafter, or try using the Naio control software in microscope simulation mode (see
Section 4.8: Running the microscope simulation).

4.1.1: Entering and changing parameter values

When using the Nanosurf NaioSTM and the Naio control software, you may from time to
time need to change or enter parameter values. These can be found in the parameter
sections of the Operating windows and in various dialogs.

To change a parameter or enter a value:

@ Activate the parameter by clicking inside the (white) parameter edit box:

eyl [=]

@ In case of a drop-down menu selection list, change the selection using the mouse or
the up and down arrows on the keyboard. In case of a numerical value, use one of the
following methods:

+ Use the up and down arrow keys on the keyboard to increase or decrease its value.
The new value is automatically used after one second.

« Click the arrow buttons 2| next to the parameter value with the mouse pointer.
Normally, the parameter value is changed by a small amount (usually in the range of
1-10%). Some edit boxes are doubling or dividing the parameter value by two (e.g.
the “points/line” parameter). The new value is automatically used after one second.

+ Enter the new value using the keyboard. The entered value is applied upon pressing
the “Enter” or “Return” key, or by activating another input. The entered value is
discarded upon pressing the “Esc” key. The unit prefix can be changed by typing one
of the following keyboard keys:

f = femto space bar = no prefix
p = pico k = kilo

n = nano M (shift-m) = mega

u = micro G (shift-g) = giga

m = milli T (shift-t) = tera
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« If the basic unit is volts, type “m” to change to millivolts.
» Type the space bar for volts
» Type “u” for microvolts.

Sometimes the program will change an entered value to a slightly different value. This
happens when the desired value is outside the digitization range of the Naio controller, for
example due to resolution or timing limits. In such cases, the desired value is automatically
changed to the nearest possible value.

4.2: Preparing the instrument

Prepare the instrument as follows (see Chapter 3: Preparing for measurement (page 25) for
more detailed instructions):

@ Prepare and install a Pt/Ir tip.
@ Install the HOPG sample.
To make sure that the configuration is correct:

©® Open File menu >> Parameters >> Load parameter settings and load the file
“Default_STM.par” from the folder that holds the default Naio configurations.

Usually this is “C:\Program Files\Nanosurf Naio\Config".
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4.3: Approaching the sample to the tip

To start measuring, the sample must be very close to the tip to enable a tunneling current
to flow. Approaching the sample without touching the tip is a delicate operation carried
out in three steps: Manual coarse approach, Fine approach approach motor, and the
Automatic final approach. The color of the Status light shows the current status of the
approach:
- Orange/yellow
Normal state during approach: the Z-scanner is fully extended toward the sample.
- Red
The approach has gone too far: the tip was driven into the sample, and the Z-scanner is
fully retracted from the sample. In this case, the tip is probably damaged and you will
have to prepare and install a new tip again.
- Green
The approach has finished successfully: the Z-scanner is within the measuring range.

To prepare for the approach process:

@ Select the Acquisition tab
The controls for positioning the sample with respect to the tip are located in the
Approach group.

4.3.1: Manual coarse approach

To perform a manual coarse approach:

@ Push the sample holder carefully to within 1 mm distance of the tip.

Figure 4-1: Manual coarse approach



APPROACHING THE SAMPLE TO THE TIP

@ Ifthetip is pointing toward a rough area of the sample, try turning the sample holder
around its axis so that the tip points towards a flat, mirror-like area of the sample.

© Putthe magnifying cover (Figure 1-1: Components (page 16), item 2) over the scan head
without touching the sample holder.

@ Place the magnifier in such a way that you can see the mirror image of the tip in the
sample.

The cover reduces air flow around the scan head and reduces thermal drift in
measurements at atomic scale.

4.3.2: Fine approach approach motor

In this step, the sample surface is brought as close to the tip as possible, without touching
it. The closer the two are together, the less time the Automatic final approach takes.

@ Watch the distance between tip and sample with help of the magnifier.

@ Click the “Advance” button in the Approach group of the Acquisition tab to move the
sample to within a fraction of a millimeter of the tip:

A Home v A

A Retract — —

¥ Advance

You should only just be able to see the gap between the tip and its mirror image
(Figure 4-2: Tip-sample position). The smallest visible gap depends on the observation
angle of the magnifier and the illumination of the sample.

Figure 4-2: Tip-sample position. Position at the end of the Manual approach with the approach
motor.
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© If you cannot see the motor moving, clean the sample holder guide spheres and the
surfaces of the approach motor following the procedure described in Chapter 16:
Maintenance (page 213).

4.3.3: Automatic final approach

In this last step, the sample automatically approaches the tip until a given Setpoint is
reached. First check that the Setpoint and the feedback speed are set properly. The easiest
way to do this is to use the imaging wizard:

@ In the Preparation group of the Acquisition tab, click the Wizards button:

e Acquisition Analysis Settings
3 Air - ] $
%% Dynamic Force -
Wizards Freq. Laser
- TY NCLR ~ Sweep align
Preparation [F]

@ Select Imaging from the drop-down selection menu.

A dialog will pop up, which will ask you some basic questions about your sample and
your measurement needs.

© Answer the questions of the imaging wizard to the best of your knowledge.

For descriptions of the features of standard Nanosurf samples refer to Section 3.4.2:
Nanosurf samples (page 29).

Now that the initial software settings have been given suitable values, you need to name
the measurement series (see Section 13.5.1: History file mask (page 168)). Each completed
measurement (scan/image) will be temporarily saved (automatically) in the history folder
under this name, with index numbers (or, optionally, date and time attributes) added to
identify the individual measurements. It is best to enter the measurement series’ name
now, since the control software will (by default) start measuring as soon as the final
approach is done. It is also strongly recommended to move all relevant measurements to a
new folder when you are finished, since the files in the history folder will be overwritten
over time (see Max. history files (page 264)).

To set the measurement series name:
@ Activate the Gallery panel (see Section 13.5: Gallery panel (page 167)) in the info pane.
@ Click the History tab at the top of the Gallery panel with the mouse.



STARTING A MEASUREMENT

© In the entry box at the top of the panel, enter a name by hand or use the Mask editor
dialog (see Section 13.5.4: Mask editor dialog (page 169)) to create the name mask.

If no [INDEX] attribute is explicitly added to the name mask, it will be automatically
applied to the end of the file name so that individual measurements can be stored and
distinguished.

The automated final approach can now be started. To do this:

@ Inthe Approach group of the Acquisition tab, click the Approach button:

A fons VoA
£ Retract — —
Approach | Withdraw

The sample holder is now moved towards the tip by the approach motor. After each
step, the Z-scanner is fully retracted from the sample, and released to move towards
the sample. The approach is finished if the current determined by Setpoint is detected
before reaching the maximum extension of the Z-scanner, otherwise the approach
motor will continue with the next step. Due to the motion of the Z-scanner, the Probe
Status light in the Naio control software will blink red—green—orange/yellow in cycles
(see Section 7.7: Status bar (page 74)). When the approach has finished successfully, the
probe status light changes from a blinking state to a constant green, and the message
box “Approach done” appears:

Nanosurf Easyscan 2 I8 x |

Approach Done!

©® Click the “OK” button.

If the approach has not finished after 10-20 seconds, try to decrease the tip-sample
distance a little more using manual operation of the approach motor.

If the automatic final approach never works, refer to Section 17.3: STM measurement
problems (page 221) for the next steps to take.

4.4: Starting a measurement

Now that the tunneling current defined by Setpoint is flowing between tip and sample
measurements can start. By default, the control software is set to automatically start
measuring after the automatic approach. If this is not the case:
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@ Start measurements manually by clicking the Start button in the Imaging group of the
Acquisition tab:

\E\ &l up
E Down
start A Finish
Imaging [F]
If the preparation of tip and sample and the approach were successful, images of the
measurement will show a more or less straight line in the Line graph (Figure 4-3: Starting
image, left) and a plane in the Color map. Watch the displays for a while until the Color map

image has been drawn about three times.

A “nervous” line in the Line graph indicates a bad tunneling contact (Figure 4-3: Starting
image, right). Usually this is caused by the tip being too blunt or instable. This means that
you should stop measuring and cut a new tip:

@ Click the “Stop” button in the Imaging group of the Acquisition tab:
@ Follow the instructions in Section 17.3: STM measurement problems (page 221).

If the line in the Line graph is calm and reproduces consistently, you can continue with the
next section.

Topography - Scan forward Topography - Scan forward

100nm
100nm

Rewdeta
Topography range
Rawdata

-100nm
-100nm

onm xr anm anm e onm

Figure 4-3: Starting image. (Left) A good Line graph. (Right) A “nervous” Line graph.

4.5: Achieving atomic resolution

4.5.1: General instructions

Once the Topography in the Line graph is reproducing stably, the scan range has to be
decreased in order to observe atomic structures.



ACHIEVING ATOMIC RESOLUTION

Measurements on the micrometer/nanometer scale are very sensitive to environment
influences. Temparature variations near the scan head can influence and disturb the
measurement. It is best to let a promising measurement run for some time in order to
stabilize thermally.

To decrease the Imaging area:

Onm

S00nm

Click the Color map chart to make it active.
A blue square is now drawn around the Color map chart.

Click the “Zoom” button in the Chart bar:

*51 Auto chart ¥ 53| # | @ Zoom [ Move F Full | (2 Capture

The mouse pointer becomes a pen when moving over the selected chart.

Move the mouse cursor to a “flat” region (showing a uniform color distrubtion) in the
Color map and click on it.

The software will now draw a square that indicates the new scan range. The size of the
new scan range is displayed in the Tool Results Panel (see Figure 4-4: Zooming). If no flat
region is available, refer to Chapter 5: Improving measurement quality (page 49) for
further instructions.

Change the size of the new scan range to about 30-50 nm by clicking and dragging a
corner of the square with the mouse cursor.

Topography - Scan forward
T -

E
=
=
W
e
o
]
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[

e

0nm 300nm

Figure 4-4: Zooming. (left) Square drawn in the Color map.
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© Double click the chart when the scan new area is set to your liking. You can abort the
zoom function by clicking with the right mouse button.

When you accept the new scan area, the new imaging settings are set to correspond
to the area that was indicated by the square.

@ Let the Topography reproduce stably again.

To achieve atomic resolution, the image size should be decreased even further, considering
that one nanometer is the diameter of between four and eight atoms. Atomic
arrangements can normally be recognized at an image size of about 4 nm. Therefore:

@ Set the Image size in the Imaging panel to 4 nm.

Some parts of the scan head react to the slightest temperature changes. As these thermal
“movements” influence the measurements on the nanometer scale, the sample has to be
scanned as fast as possible:

@ Set the Time/Line in the Imaging Panel to 0.06s for atomic resolution.

You may also try to decrease noise by decreasing the Loop gain of the Z-Controller. Try
varying all of the above parameters to get a good image (such as the one in Figure 4-5: A
successful graphite measurement).

Topography - Scan forward
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Figure 4-5: A successful graphite measurement

When you're satisfied with the image quality obtained, you may want to save the
measurement. Refer to Section 4.6: Storing the measurement (page 45) for details on how to
do this.



ACHIEVING ATOMIC RESOLUTION

In a good color map chart of graphite you will see a pattern consisting of bright,
intermediate, and dark spots. It looks like a three dimensional image of balls lying next to
each other, but be careful: these are not the single atoms!

To interpret the image correctly you must first be aware that bright spots show high points
and dark spots low ones.

In the lattice model of graphite (Figure 4-6: The graphite surface (page 43)) one can see that
there are two different positions of the carbon atoms in the graphite crystal lattice: one
with a neighboring atom in the plane below (gray) and one without a neighbor in the
lattice below (white). As a consequence, the electrical conductivity of the graphite surface
slightly varies locally, so that the atoms without neighbors appear higher than the others.

0.34nm

~—0.25nm ' \%Mnm

Figure 4-6: The graphite surface. (left) Measurement. (right) Lattice model.

This also causes the lattice constant between the bright “hills” to have the higher than
normal value of 0.25 nm.

Itis more difficult to obtain good images of gold. Atomic structures are difficult to observe,
because the electrons on the surface are much more homogeneously distributed than in
graphite. But, with some training, the mono-atomic gold steps can be observed.
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Topography - Scan forward

Topography - Scan forward
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Since the gold sample cannot be cleaned by simple means, it is possible that over time
contaminants may prevent you from obtaining good results. If you have problems
measuring the gold sample because of this issue, please order a replacement from your
local Nanosurf distributor.

Before performing any experiments with the gold sample it is recommended to practise
on the graphite sample. The graphite sample is also a good test sample to judge the
quality of the installed STM tip.

To perform measurements on gold:

@ Proceed as describe for the graphite sample, but with the following changes to the
settings:
« Set the Tip voltage in the Z-Controller section of the Imaging window to 0.5 V.
« Set the Time/Line in the Imaging Panel to 0.3 s.

If you do not get stably reproduced scan lines, try to re-approach:

@ Press the “Withdraw” button followed by the “Approach” button:

VoA

Approach

If that does not improve the measurement:
@ Retract the sample holder.
© Rotate it a little by hand.



STORING THE MEASUREMENT

@ Repeat the approach.
If you still don't get stable scan lines:
@© Cutanew tip and start over.
If the image reproduces stably:

@ Select an Image size between 200 and 300 nm, and evaluate your measurements in
the same way as you did with the graphite images.

Tool panel
4.6: Storing the measurement

By default, each completed measurement is automatically stored (temporarily) on your
computer so that it can be used later. Additionally, you can also take snapshots of
measurements still in progress. To do this:

@© Click the Capture button in the :
*51 Auto chart #7531 | # | & Zoom [ Move F Full | (& Capture

The current measurement is immediately stored and will show up in the History page
of the Gallery panel, together with all other finished/stored measurements (see Section
13.5: Gallery panel (page 167) for details). In addition, the captured document will
remain open in the document space of the Naio control software.

Measurement documents in the temporary History folder (see page 264) should always be
moved to a new location for permanent storage when you are done measuring. For details
on how to do this, see Save as (page 168). Measurement documents thus permanently
stored can always be loaded with the Naio control software (or with the optional Nanosurf
Report or Nanosurf Analysis software packages) for later viewing, analysis, and printing. A
brief introduction on how to create a basic report using the Report software is given below.
For more detailed information on starting and using the Report software, see Section 22.2:
Creating a report (page 452), or refer to the Nanosurf Report online help.

4.7: Creating a basic report

The optional Nanosurf Report software can be used to evaluate measurements, and to
create consistent and visually appealing reports. Here, we will just briefly explain how to
start the software and create a basic report.

To create a basic report of a completed measurement:

@ Open a measurement from the Gallery panel.
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@ In the Report group of the Analysis tab, click the Report button.

D Mew report
|.+|3 Add measurement

Report

The Nanosurf Report software will now launch, import the currently open
measurement, and evaluate the data using the default template.

After a fresh installation of the Report software, the Report software has to be run at least
once before it can be automatically started from within the Naio control software. To run
the Report software for the first time, select it from the Microsoft Windows “Start” menu.

4.8: Running the microscope simulation

The Naio control software can be started without having the microscope connected to
your computer in order to explore the Naio system (measurements and software) without
danger of damaging the instrument or the STM tip. In simulation mode, most functions of
the real microscope are emulated. The sample is replaced by a mathematical description of
a surface.

When the Naio control software is started without a microscope connected to your
computer, the following dialog appears:

USE Port error:
P l % Port not found

Check if USB cable is connected.

@ Click“OK"
The status bar will now display the text “Simulation”.

You can also switch to simulation mode with the microscope connected:

@ Inthe Hardware group of the Settings tab, click the Simulation button.

The Simulation button will now be highlighted and the status bar will display the text
“Simulation”.

To exit the microscope simulation mode:



FURTHER OPTIONS

@ Inthe Hardware group of the Settings tab, click the Simulation button again.

The highlighting of the Simulation button will now disappear, and the status bar will
display the text “Online”.

4.9: Further options

From this point on, there are several things that can be done. Please refer to the respective

chapters for detailed instructions:

+ Performing a new measurement on another sample by repeating the instructions given
in Chapter 3: Preparing for measurement and Chapter 4: First measurements with the new
sample.

+ Improving measurement quality, as described in Chapter 5: Improving measurement
quality (page 49).

+ Performing a different type of measurement by choosing a different operating mode, as
described in Chapter 6: Operating modes (page 66).

« Finishing measurements, turning off the instrument, and/or storing the instrument, as
described in Chapter 6: Finishing measurements (page 59).
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5.1: Removing interfering signals

Interfering signals can be recognized because they have a fixed frequency throughout the
image. Thus, they are manifested by straight lines that run throughout the entire image.

Possible interference sources are:

« Mechanical vibrations from machines or heavy transformers in direct vicinity (e.g.
pumps; see Section 5.1.1: Mechanical vibrations).

« Electrical interference (in the electronics, or in electrical forces of the tip-sample
interaction; see Section 5.1.2: Electrical interference).

5.1.1: Mechanical vibrations

Measure the frequency of the vibrations to find out if the interference is due to mechanical
vibrations. You can use the optional Gwyddion software for this (see last paragraph of
Section 2.1.2: Installation (page 22) for instructions on how to install this software). Such
vibrations have a frequency that is (a multiple of) the rotation frequency of the source. This
frequency is usually not a multiple of the local mains frequency, and may vary slightly over
time. Try the following to find out if the interfering signal is due to mechanical vibrations:

@ If possible, turn off all rotating machines (i.e. pumps) in the room.
@® Move the system to an entirely different location.

If mechanical vibrations are the cause of the interference, either improve the isolation of
the vibrating machines, or improve the isolation of the instrument by using an active
vibration isolation table (e.g. the optional Nanosurf Isostage or halcyonics_i4.

5.1.2: Electrical interference

Electrical interference may be caused by interference in the electronics, or by electrostatic
forces acting between the tip and the sample. These interferences usually have a frequency
that is a multiple of the local mains frequency (50 or 60 Hz). Try the following in order to
reduce the influence of electrical interference:

@ Connect the instrument to the mains power supply using sockets with line filters and
surge protection.

@ Use the Ground connector on the NaioSTM to ground the system.

© Remove interfering electromagnetic field sources, such cathode ray tube displays,
loudspeakers, etc.



DECREASING THERMAL DRIFT

5.2: Decreasing thermal drift

Temperature variations cause so-called “thermal drift” This will cause images to be
distorted. This effect is present when the observed upward scan is very different from the
downward scan, for example showing two differently distorted lattices.

Topography - Scan forward

Line fit 29Gpm
Line fit 29Gpm

Topography range

Figure 5-1: Consecutive upward and downward scan showing thermal drift.

Thermal drift is very clearly visible on an atomic scale. Variations of 0.1°C already cause
variations of several nanometers in length of (for example) the steel sample holder.

To decrease thermal drift, keep the measurement running for some time to let the system
stabilize (up to about one hour), and prevent air currents in the room from reaching the
scan head (leave the Magnifying Cover on during measurements).

5.3: Adjusting the measurement plane

Ideally, the sample surface and the XY-plane of the scanner run parallel to each other. In
most cases, however, the sample plane is tilted with respect to the XY-plane of the scanner.
In this case, the sample cross section in the X* measurement direction has a certain slope.
The line graph in Figure 5-2: Unadjusted slope is an example.

This slope depends on the direction of the X* direction and therefore on the rotation of the
measurement, as shown in Figure 5-3: Sample and measurement orientation before slope
adjustment.

This slope is undesirable for several reasons:

« It makes it difficult to see small details on the sample surface, because the Mean fit, Line
fit, or higher order filters cannot be used properly.
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Figure 5-2: Unadjusted slope. Measurement with improperly set X*-slope.

+ The Z-controller functions less accurately, because it continuously has to compensate for
the sample slope.

After approach, the measurement plane should therefore be adjusted electronically. This
can either be done automatically or manually. Both procedures are described below.



'Y—Slope"\. i

ADJUSTING THE MEASUREMENT PLANE

. 'Rotation’
- angle
"\\Measurement plane
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) Image area

_____..-----—-"‘::":5:.',1¥X-Slope' angle

Scanner XY-plane

Figure 5-3: Sample and measurement orientation before slope adjustment

To automatically adjust the measurement plane once:

In the Imaging parameters section of the Imaging parameters area, click the More
button:

Parameters

Poi

The SPM parameters dialog will now open on the Imaging page. This dialog contains all
possible parameters and settings that influence the behavior of your Nanosurf
NaioSTM system (see also Section 7.9: SPM parameters dialog (page 76)).

Click the Adjust slope button:

Adjust slope

The Naio control software will automatically perform a slope determination procedure
similar to the manual procedure described below and will enter the slope angles into
the Slope X and Slope Y parameters.

53



54

CHAPTER 5: IMPROVING MEASUREMENT QUALITY
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Figure 5-4: Adjusted slope. Measurement with properly set X*-slope.

If the sample surface contains large jumps or steps in height, the line fitting procedure
used to determine the slope in X- and Y-direction may not deliver the best possible
results. In such cases it is recommended to perform a manual slope adjustment as
described below.

To automatically adjust the measurement plane before each measurement:

@© Check the Auto slope checkbox next to the Adjust slope button.



JUDGING TIP AND TUNNELING CONTACT QUALITY

To manually adjust the measurement plane:

@ Measure the slope for X in the Line graph using the Measure angle tool (see Section
13.6.1: Measure group (page 173)).
Use a single click instead of dragging the first line to create a horizontal line and
measure the angle relative to the X*-Axis.

@ Enter the result of the angle determination as Slope X (see Imaging Options (page 109))
and fine-tune its value until the X-axis of the scan line lies parallel to the X-axis of the
sample.

© Set Rotation to 90° to scan along the Y-direction of the scanner.

@ If the scan line in Y-direction is not horizontal, perform the same procedure as
described for correction of the slope in X but now for Y.

© Set Rotation back to 0°.
The scanner scans in X-direction again.

5.4: Judging tip and tunneling contact quality

When all prerequisites for measurement are optimal, the measurement quality mainly
depends on the quality of the tip and of the tunneling contact. A sharp tip and a good
tunneling contact are necessary for high quality images of atomic resolution.

If during a good measurement the image quality diminished dramatically, the tip has most
probably picked up some particles or you are near a step in the surface:

LLire fit 91 Gpm

Topography range

In this case:

@® Continue measuring for a while (4-5 images).
The tip may eventually lose the picked-up material again.
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If this does not help, try to induce changes at the tip’s end using one of the following
procedures:

« While measuring, open the NaioSTM Parameters dialog by clicking the “More” button in
the Mode Properties section of the Imaging window. Then click the “STM Tip cleaning
pulse” button.

« Retract the sample and then perform a new approach.

If no improvement can be seen after going through these procedures, it is necessary to
prepare a new tip:

@ Follow the instructions in Section 6.1: Finishing scanning (page 60).

@ Follow the instructions in section Section 3.3: Preparing and installing the STM tip (page
26).



JUDGING TIP AND TUNNELING CONTACT QUALITY

5.4.1: Examples of images made with unusable tips

Prepare a new tip when your image looks like one of the examples below.
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Figure 5-5: The color map image consists of uncorrelated lines.
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Figure 5-6: The image is “smeared out” on one border (here on the left border).
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Figure 5-7: Each image looks different.
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Figure 5-8: The scan lines in Line graph are unstable and the image in the Color map is blurred.
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6.1: Finishing scanning

Once you are done measuring:

In the Imaging group of the Acquisition tab, click the Stop button to stop measuring.

Retract the sample holder by first clicking on the “Withdraw” button in the Approach
group of the Acquisition tab, followed by clicking and holding the “Retract” button
until the sample holder is away far enough from the tip to safely remove it.

Remove the magnifying cover from the scan head.
Remove the sample holder with one hand.
Remove the sample from the sample holder and store it in its case with the other hand.

Store the sample holder in its container.

6.2: Turning off the instrument

To turn off the instrument:

Finish as described in Section 6.1: Finishing scanning

Select the measurements that you want to keep in the History page of the Gallery
panell and save them in a new folder (see Save as (page 168)).

Exit the Naio control software.

Turn off the power by pushing the power button at the back of the NaioSTM (see Figure
1-3: Parts of the system (page 18)).

If you perform measurements regularly:

Leave the instrument on the workbench with the Magnifying cover over the scan head
to protect it against dust.

If you do not operate the instrument for several weeks:

)

Store the instrument as is described in Section 6.3: Storing the instrument.



STORING THE INSTRUMENT

6.3: Storing the instrument

If you are not using the instrument for an extended period of time, if you have to transport
it, or if you send it in for repairs, put the instrument in the original packaging material or
instrument case.

Turn off the instrument as described in Section 6.2: Turning off the instrument, and
remove all cables.

Remove the Sample and Sample Holder. The tip can be left in the scanner.

Store the Sample Holder in its container.

Pack all components in the original Nanosurf packaging material or instrument case,
as shown in Figure 6-1: Packing.

Before transport, always put the instrument in the original Nanosurf packaging material
or instrument case.
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Figure 6-1: Packing. The NaioSTM system packed in its instrument case. The NaioSTM itself is located
underneath the accessories foam material.
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7.1: General concept and layout

The Naio control software provides all functions to operate the microscope during imaging
of surfaces and more advanced operating modes. It also provides data analysis functions
for post-processing of measurement data.

5

Figure 7-1: The main window in “Normal” workspace mode

The main control software window (also referred to as Workspace) consists of five major

areas:

1. Acquisition pane. contains the so-called operating windows (see Section 7.3: Operating
windows), which are used to acquire and display ongoing measurements.

2. Document space; used for displaying and analyzing previously stored measurement
documents.

3. Info pane. contains several stacked panels (see Section 7.5: Panels) and is used to group
a diverse array of functionality and information.

4. Ribbon; used to access all action functions.

5. Status bar; used to display system status and further information.

Additionally, there is the SPM parameters dialog (page 76), accessed via the More buttons

or launcher icons, which gives access to parameters that are not available in the ribbon or
the operating windows.









































































































