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Graphical and Analysis Tools in the SCAN-Lab Software

. Introduction

The aim of this application note is to pre-
sent the numerous analysis and graphing
tools available in the M470, M370, and
SECM150 software, referred to collectively
as the SCAN-Lab software, for the line
scans and area maps. These analyses
can be useful to highlight specific fea-
tures and ease the interpretation of data.

ll. Templates

When data is acquired, the different
views available are shown on a toolbar at
the top of the window showing the data,
Fig. 1.
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Figure 1: The configuration and templates toolbar.

Each type of data (ac-SECM, SVET, LEIS,
etc.) has its own predefined templates
showing predefined values and data. In
the toolbar shown in Fig. 1, the first six
icons located on the right side of the “ex-
periment configuration” shortcut are de-
fault templates whereas the three icons
shown on the far right are empty. They
can be referred to as a "scratch pad" for
data analysis.

Empty templates can be filed by any
data, either acquired or processed by the
analysis tools. The choice of the data is
made by right-clicking on the map, Fig. 2.
This feature is available on any area map
data, not just the empty templates.
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Figure 2: Using the "Select View Data” option
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Fig. 3 shows one template where the im-
pedance magnitude is displayed. On the
left side is the area map window, and on
the right side the corresponding line plot
window (used for e.g. line scan, cross-
section, Fast Fourier Transform), the top
one corresponding to the horizontal cross
section and the bottom one to the verti-
cal cross section.

The cross sections are chosen by clicking
on the area map, which chooses the in-
tersection point of the cross section. This
is the default "left-click" action, but other
actions can be set as the default left-
click action.
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Figure 3: Template showing the area map and the
corresponding cross sections along x and y axis.
(Note: the cross mark was added by the author).

Two other empty templates are offered:
The first has one area and four line plots.
The specific use of this one will be shown
in the next part. The last empty template
offers four area scan maps, dedicated to
the comparison of maps on which differ-
ent analyses were performed. Again, the
specific use of this template will be ex-
plained later.

Itis also possible to create your own tem-
plates, which show the desired parame-
ters and graphs. To create a new tem-
plate, the software has to be connected
to the instrument, so that a new file can
be opened. In the "New" menu, the “New
template” line needs to be selected, Fig.
4. In the example a new “SECM Area Scan
Template” will be created.
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Figure 4: The "New Template” window.

Once selected, an empty template will
appear that can be populated with eve-
rything available in the default templates.
This includes area maps, line graphs, pro-
cessed area maps, control parameters,
experiment settings, and more. They are
accessed by right-clicking in the empty
window, Fig. 5.

B SECMAreaScanTemplatel =N
Area Graphs > SECM Probe
Controls > SECM Sample
Experiment Parameters (MultiChannel) ¥ -- unused -
Experiment Parameters > ~- unused -
Graphs > -~ unused --
Data Tables > -- unused --
Data Statistics » Height Track: Height Tracking Relief
Experiment Objects > 3D Map Analysis £1: Empty
Static Objects > 3D Map Analysis #2: Empty
e 3D Map Analysis #3: Empty
Analysis Only 3D Msp Analysi #4: Empty

Figure 5: The empty template board and the avail-
able choices for template creation.

In the example in Fig. 6 the template has
been configured to show the area map of
the probe dc current response, the corre-
sponding line scan, the experiment time
and duration.
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Figure 6: The chosen variables and constants dis-
played in the new template.

The new template must then be saved in
the default location, close to the default
templates, which is C:\M470, C:\M370, or
C:\SECMI150. It will then appear in the
Templates toollbar when an SECM exper-
iment is open as a white template, Fig. 7.
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Figure 7: SECM data displayed using the newly cre-
ated template.

All the data available in the experiment
can be plotted as an area map but only
the cross section already available in the
template can be added in the new tem-
plate.

It is possible to change the parameters
under which the new template icon ap-
pears in the toolbar by opening the “As-
sociate Toolbar Icon” item in the "Tem-
plate” menu, Fig. 8.
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Figure 8: "Associate Toolbar Icon” item to change
the parameters associated with the Template icon.

Figure 9a shows how to modify the pa-
rameters and Fig. 9b how it changes the
way the icon appears. Note that “Tooltip
Title" and the “Tooltip Description” ap-
pear when the mouse hovers over the
icon. Note also that the “Status Message”
appears in the bottom left corner of the
window.
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. Area Scans

Note in the SCAN-Lab software area
maps are displayed as 2D images, with
the third dimension (e.g. current) shown as
a color scale. For a pseudo 3D represen-
tation an additional software is required.
We provide two software which can pro-
duce a pseudo 3D representation: MIRA
and 3DlIsoPlot®. More detail on MIRA are
given in AN#5 [1], while details on 3DIso-
Plot® can be found in AN#12 [2].

1. Map Settings

Map settings are available by right-click-
ing on the data window. The options
available in the Map Settings menu are
shown in Fig. 10.
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Figure 10: The Map Settings menu options.

It is possible to change the contrast on
the maps by adjusting the color scale. By
default, the color scale is adjusted rela-
tively to the minimum or the maximum
measured values but this can be altered
by the user. The scale can be manually
set, using the “Set Amplitude Scale” op-
tion, or it can be automatically scaled, us-
ing "Auto Scale View". When auto scaling
the amplitudes are based on the values in
the working area of the area scan. What
this means is that if the user zooms in on a
feature of interest they can use "Auto
Scale View" to better highlight the fea-
ture. Note “Zoom" is also found in the right
click menu. This is demonstrated in Fig. 11.
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Figure 11: (@) SECM map as acquired, the white box
shows the feature of interest. (b) Zoomed in view of
the feature in the white box in (a). (c) The feature
shown in (b) with auto scaling applied. (d) The full
SECM map with the scale from (c) still applied.

A related setting is the option to change
the palette used in the amplitude scale.
To access this option right click on the
color key, Fig. 12. Selecting “Change Pal-
ette” allows users to select from a number
of predefined palettes found in C:\M470,
C:\M370, or C:\SECMI150. These are iden-
tified by their .rgb file extension. By de-
fault, maps are plotted using the “Spec-
trum” palette. Users can also define their
own palettes by selecting “Palette Edi-
tor". Changing the palette can be of par-
ticular importance when users are looking
to ensure the integrity of their area scan
data when it may be printed in grey scale,
or when they want to ensure maps are
accessible for those with color vision defi-
ciencies [3]. In the example shown in Fig.
13 the same map is shown using a hnumber
of different predefined palettes.
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Figure 12: The area scan color palette can be
changed or edited by right clicking on the color
scale.



—

C

’
Ty IE

Figure 13: The same SECM map is shé\;\/n with four
different color palettes: (a) Spectrum (default), (b)
Spectrum_Full, (c) Negative, and (d) B_P_Y.

2. Analysis

Some of the tools available in the Analysis
Menu are explained in AN#4 [4]. The pre-
sent note will cover the other analysis
tools. The analysis menu is available by
right-clicking on the data window of in-
terest.

The purpose of these tools is not to pro-
vide additional data but to help the user
improve and enhance the way the data
appears in the case where the acquisition
parameters were not optimized or if arte-
facts occurred during the acquisition of
the data. For cases where data cannot
be adequately enhanced the experiment
should be re-run.

Most of the analysis tools perform an op-
eration on each point of the data. Nota-
ble tools are:

e "Curve Subtraction”: Allows the
user to remove from the data a
polynomial fit of the data (up to
order 5), selected by the user. For
“Curve Subtraction”, the user de-
fines along which axis the best fit
is performed.

e "Tilt Correction”: A particular case
of “Curve Subtraction” for which a
polynomial of order 1is used and
the tilt is calculated in both x and
y OXes.

e "Curve Fit": Generates fitted data
through polynomial regression. As
with "Curve Subtraction”, the user
defines the axis along which the fit
is performed.

For any analysis, the user defines an
empty window which will be populated by
the resulting data using the “Select Des-
tination for Result” field. There are four
empty analysis windows available. In or-
der to display the data, the user should
select an analysis object.

When a window is populated with data it
will appear in the "Select View Data” line
(accessed by right-clicking in the data
and selecting the "Select View Data" op-
tion or by selecting an appropriate anal-
ysis template that will display the data)
with a reminder of the operation per-
formed. In Fig. 14, one can see that one
operation was performed in the data lo-
cated in the empty window #1.
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Figure 14: Analyzed data appears in the “Select
View Data” option of the right click menu.

Another available template displays one
area map and four different line scans.
This template is specifically dedicated to
the 2D Fast Fourier Transform (FFT) analy-
sis. As an area map displays data along
the x and y axis, FFT can be performed to
determine the spatial frequency of fea-
tures.

As the Fourier function transforms real
data into complex values, both the real
and the imaginary parts of the data can
be shown on each x and y axis as can be
seenin Fig. 15. The data chosen for the FFT
are the horizontal and vertical lines inter-
secting where the cursor is located, as the
Analysis function is accessed (right-click).
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Figure 15: 2D FFT displayed in the second default
template.

The default templates can be populated
with the analyzed data, for example the
data obtained after each analysis can be
displayed simultaneously and compared,
Fig. 16.

Figure 16: The four area maps displayed simultane-
ously.

3. Useful Tools for Topogra-
phy Maps

When topography maps have been
measured with the intention of using the
resulting data as an input for a height
tracking measurement it is at times nec-
essary to perform post processing. This is
required to ensure erroneous data is not
used in the height tracking measurement.
In the best case this can result in errone-
ous data carrying through to the final
measurement, while in the worst case it
can result in probe crash and possible
damage to the instrument. In these cases,
there are two tools which exist to correct
the data: Edit Point and Paste Data.

The Edit Point tool needs to be set to ei-
ther the Left Click or Ctl Left Click Setting
through the area map right click menu,
Fig. 17. Once set, a (Ctl) left click on the
data point of interest will allow it to be
edited.
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Figure 17: Using the right click menu Edit Point can
be set to the left click, or Ctl left click.

From the area map right click menu it is
also possible to access "Paste Data”. The
typical use of this tool when working with
topography data is to edit the copied
data in another software, for example Ex-
cel, before copying it back into the SCAN-
Lab software.

For information on the best practices for
maps used for topography measure-
ments please see TN#14 [5].

IV. Line plots

There are a number of analysis tools
available for the line plots. These are ac-
cessed by right clicking on the line plot,
Fig. 18.

Peak Analysis 4
Overlays...

Scales...

Properties...

Copy Data
Copy Image
Export Data...

Zoom

Zoom Full

Remove Data Point(s)

Process Data > Low Pass Filter
Restore Data Point(s) High Pass Filter
Least Squares Fit

Reset Delta Cursors
Moving Average

Figure 18: Analysis tools available for line plots.

When working with line plots of any kind,
it is often beneficial to have multiple plots
on a single axis, to allow straightforward
comparison. This is possible using the
overlay tool, accessible in the right click
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menu as the "Overlays..” command. This
is demonstrated for two SKP line scans,
used to tune settings prior to running an
area scan, in Fig. 19.
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Figure 19: The option to overlay line plots is demon-
strated with two SKP line scans.

It is also possible to smooth the data or
filter the data using the “Process Data”
commands. The Low Pass Filter removes
high frequency noise from the line plot,
while the High Pass Filter removes low fre-
quency data from the line plot. The Low
Pass Filter is demonstrated on the brown
SKP line scan from Fig. 19, in Fig. 20.
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Figure 20: The original SKP data is shown by the
brown trace, while the black trace has had a low
pass filter of 0.05 applied.

The Moving Average tool also allows data
to be smoothed. In this case a moving av-
erage of the data is determined over a
point window set by the user. An example
is demonstrated in Fig. 21.

Figure 21: Left: raw data; Right: After applying a
moving average with a S point window. Data is
shown side by side for clarity.

A final tool of interest in line plots is the
"Remove Data Point(s)” tool, which is
greyed out in Fig. 18. In some cases, par-
ticularly when data is to be fitted, it can
be beneficial to remove spurious points.
This is possible by clicking on the data
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point(s) of interest, and selecting the “Re-
move Data Point(s)” option. This is also
used for spurious points in approach
curves to be used in the Approach Curve
Extrapolation Experiment, as outlined in
TN#22 [6].

V. Conclusions

Some of the advanced analysis and gra-
phing tools available in the M470, M370,
and SECM150 software were introduced
in this document. These tools can be used
to ease the interpretation of data and
help extract the most useful features of
the data. Formatting the data also helps
present the most interesting aspects of
the results.

For more detailed information on any of
the tools mentioned in this Application
Note please see the HTML help file of the
SCAN-Lab software of interest.
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