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Introduction
Thank you for downloading the SPM Simulator package from Nanonis. This program has many
powerful features that provide benefits in a variety of situations.

1

It can be used to learn about the capabilities of the Nanonis controller before one is
purchased.

It can also be used to teach other people how to use the software without the presence of
the hardware. This can be pdicularly useful as a presentation tool in a group meeting or
anytime you are separated from the hardware.

A third application is as a general purpose SPM teaching tool. Because of the accuracy and
depth of the simulated microscope backend, fundamental jprciples such as feedback
optimization, important operating parameters, and data acquisition modes can be learned
when first starting out in the field of SPM.

Lastly, existing Nanonis customers find the simulator an invaluable tool to debug and
troubleshoot LabVIEW development usinghe programming interface because it does not
tie up the PC used to operate the microscope but still provides the full capabilities of the
environment to make sure the new program works as intended before it is placed into
service on the main PC.

The document is not meant as an introduction into scanning tunneling microscope, the reader is
expected to be already familiar with the basic working principle of an STM.
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Minimum System Requirements and Installation
Please make sure youcomputer meets the following requirements:

Windows XRVista or Windows 2000 operating system.

Minimum of 1 GB RAM

Minimum of 1.5 GHz processor

Screen resolution of at least 1280x1024 pixels recommended With a lower resolution
some windows will be patly hidden and you will not be able to use them.

= =4 =4 =

In the case that your computer does not fulfill these requirements, you might experience sluggish
behavior.

The installer is a regular Windows Installer, available dbttp://sim.nanonis.com. The installer will
guide you through the installation procedure. If you have a previous version of the Demo software
installed, the installer will uninstall that version first.
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Getting Started

The first time the program is started anessage may appear warning you a program is trying to
access a port blocked via a firewall. This port must be unblocked in order for the main program to
communicate with the background process that is simulating the actual Nanonis hardware. This
communication is through the internal loopback device present in all network protocol
implementations. No external communication outside of the computer takes placé/hen operating
host PC and the Nanonis standard controller connected via a network cable. Once camivation is
established, you will next be asked to accept the license agreement. Click Ztteeptbutton to then
launch the main program.

Session Directories

A dialog will appear asking to define a session

directory. The concept of sessions can be very - A
powerful in a multi-user or multi-microscope

situation. Sessions allow the isolation of experimental
conditions, screen layouts, microscope calibration
factors, etc. to be easily organized. A great example is
a low temperature microscope that has differenpiezo
calibrations at room temperature and low S /
temperature. Instead of entering the new piezo factors when the temperature changes, everything
can be updated by simply saving one session file and opening a different one. To get started in the
tutorial, browse into a specific directory and then click thechoose Curr Directorutton in the
window to place all session information in this folder.

A Nanonis Session enables you
have measurement data and the
corresponding configuration
parametersin one single place.

Online Help

There is a great deal of online help available throughout the program. Almost every button and
entry box has a tip strip associated with it. By leaving the mouse cursor over the item, a small box
appears with a short text description of the item. Context help is available within each window by
pressing F1. A separate window will open with a detailed discusm about every item contained
within a particular window.

System Startup

When the programis launched the main window will appear as shown irFigure 1. To get started
with the program the most important modules to open are undethe Modulesmenu. Three to open
right away areZ Controller Bias andScan Contral

' nanomis |

File System Graphs Modules User Channels Experiments Help

Session B I Ci\Documents and SettingsitvancuralMy DocumentsiManonistSessions
B I I

Figure 1: Main Window
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Running the Z-Feedback

The next window to introduce is theZ Controllerwindow shown in Figure 2. This is used to control
the feedback bandwidth, control the working setpoint, monitor the instantaneous z piezo position,
and configure theSafeTipfeature. When the program is started, the feedback loop is deactivated
and the tip is held fully retracted. O start with a known set of working parameters, choose
File/Load Program Defaults The setpoint, proportional gain, and integral response are all set to
values that are known to work for stable control of the simulated microscope.
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Figure 2: Z-Controller window.

Once the parameters are set, the tip can be engaged. Since the simulator is built to behave like the
tip is just above the surface, there is no need for a coarse approach to occur. The steps required to
configure coarse aproach will be covered later. For now, simply click the large engage button on

the right side of the window. Thered pointer on the

scale moves downward as the tip is ramped towards f \
the surface. It will reach feedback around zero. The Things you can do with a digital
current will change from almost zero to the requested feedback:stopthe feedback
setpoint value and then be reasonably steady. At this instantaneously, keep the tip a
point the tip height is actively controlled by the a constant height without
feedback loop. The digital readout of the z position droop, lift the tip by an exactly
will start to fluctuate and you may also see small defined amount, withdraw
motion of the blue indicator. Similar to the other without delay in case a signal
controls, the dynamic range of the z scale can be reaches a certain thrghold or
changed to cover a small part of the full z piezo range control on combinations of

for sensitivity or it can be left at the default scale signals.
where the entire z range is displayed. K j

The digital feedbak loop of the system has

proportional (P) and integral (I) gain. The speed of the loop response to a deviation from the
setpoint is determined by the combination of the P and | factors. The larger the P value the faster
the loop will respond. For integralgain the units can be time constant or the inverse of the time
constant. If you feel more comfortable working in the units of a time constant flip the togg&vitch
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on the left side of the integralcontrol. Similar to the other controls in the program, tke range of the
P and I gain can be changed using the arrow buttons at the end of the scale. Use this to either
increase the sensitivity so small changes are possible or to provide more dynamic range for large
adjustments. More details about the feedback syem will be presented later. For now, the default
values of the simulator will provide reasonable imaging performance.

Any time while the loop is activeor inactive, the Setpointcan be changed using the appropriate
control. It has both a slider control @ad number entry box available. In the slider control is a yellow
bar graph that fills to indicate the instantaneous value of the current. The scale of the bar graph is
logarithmic so be sure to properly interpret the graph. The range of the bar graph is mwolled

using the set of buttons above the indicator. The + argbuttons decrease and increase the range of
the bar graph limits, the fs buttons automatically changes the scale to range from 0 to the maximum
current (when using an STM feedback signal) aketermined by the preamplifier gain. The0 button
places0 in the middle of the range and theCbutton places the measured value when the button is
pressed in the center of the range.

AED (T1T A o1 OEOET T h 4EDP, EAOA

Another important term to understand is the concept of theHome position for the tip. To park the

tip at a fixed position and have the digital feedback loop then hold it there, define the location using
the Home Positiorsetting and then click theHomebutton. Keep in mind the defined position isn

an absolute scale. To hold the tip a specific height over the surface it is preferable to use the Tip Lift
feature instead of the Home button. For example, if the z position is +50 nm and you want to hold
the tip 8 Angstrom away from its current positian, theHome Positiorshould be defined as 49.2 nm.
If the current z position drifts to 20 nm, theHome Positiorwould have to be redefined to be 19.2

nm. It is far easier to define theTip Lift distance to be 8 Angstrom and for any position, the tip will

be pulled back that distance from the present position when the loop is disabled. With the
simulated STM, the current will drop to zero if the tip is pulled back more than a few Angstroms
from its tunneling position.
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Scan Control
Once tunneling has been adéved, a scan can be started and images will be obtained. The image
configuration is contained in theScan Controlvindow shown in Figure 3.

There are three main groups of controls in the window. Th&can Follow Me andGrid buttons can
be used to change the configuration display on the left side of the window. Note these can be
changed while acquisition or other function is taking place without interrupting the current mode.
This provides a chance to make changes to various sefisparameters in anticipation of the current
operation completing and starting the next operation right away instead of waiting to configure it
and then starting.
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Figure 3: Scan Control, all the activity that involve moving the tip like scanning, spectroscopy or manipulation are
done from within this module.

The most commonly used group is th&canset of tabs. They will be used for image acquisition and
scanning. The first step should be to activate the imaging channels to begaired at each pixel
location. The list is contained in theScantab. Click on the name of each channel to highlight it for
activation. To acquire multiple channels during the scan, hold the Ctrl key and click on each channel
to highlight it. By default the Topography (Z(m)) and Current channels are active. The pixel density
is also configured in the same area of the tab. By clicking the link control next to the window, the
Pixelsand Linescan be forced to always equal each other for ease of configuratifmnly one needs
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to be changed), but they can also be made independent to have a different number of pixels and
lines if desired.

To begin a scan, click the button with the downward facing arrow. This will commence a scan from
the top of the frame towards the

bottom. The image will appear on a

line by line basis and a two

dimensional image will be built up

as shown inFigure 4.

Setting the scan parameters
The position and size of the scan
frame is set in the top of the tab.
Values @n be entered directly here
or the mouse can be used to
determine the size as described
below and when that is done, these

values will be updated to show the  rigure 4: The image starts to appear as each linescan is acquired
new settings. Next to theSize

parameters is a control that can be set to lock the X and Y axiwequal at all times (scanned
region will be a square) or unlocked so the region will be

rectangular in shape. The speed of the tip as it scans over the S -~
surface is determined by the parameters in th&peedsection. fSin =
The time required for one line can beiked (Time/line) which
means the actual velocity of the tip over the surface will change
as the scan size is changed. Alternatively, the tip velocity can be
fixed which means the time required for each scan line will
vary as the scan frame size is changedlick on the lock icon to
toggle which parameter is fixed and which one varies. Note

Sean s'V'Immml

O Can Do s Lo store refevant nformaton A
e (prepar ation, condbions, et )

D
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that either parameter can be changed to change the acquisition [ i

B4 W1
]

speed, the lock merely determines which is fixed as the frame i
is changed. As any of the parameters that efft the total time

to acquire one frame are changed, the Time/frame is updated
to reflect the amount of time that each image will require. Also,
on the right side of the window is a countdown timer that 4
displays the amount of time left to complete the cumntly
acquired image.

Saving parameters with an Image Figure 5: Save tab in the Scan Control
. . . window. Choose a basename for

To automatically form the name of a file as data is saved, the  ,,iomaiic filename generation, add a

Savetab (Figure 5) should be configured next. Th&asenames comment to each file, and choose the

the text string that every fill will begin with. The Imagenumber Eg;fj”;reters (o save in each file

is then the value incremented for each file as it is saved to

insure the files are uniquely named and also sequentially numbered for easy browsing later.
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